-INo. 52. 


| PROCEEDINGS 


“PHYSICAL. SOCIETY 


ee ee OF LONDON. 


eS VOL. 13. PART 2. 


OFFICERS AND COUNCIL. 


Presivent. 
Par A. W. RicKxrr, M.A.; F-R:S. 


ee - WiceABresivents who habe filled the Pilice of Oresivent. 
“Dr. J. H. Guapstong, F.R.S, _ | Pror. R. B. Crirton, M.A, F-R.S. 
~ Pror. G. C: Fostsr, F.R.S,- = Pror, A. W. ReErnorp, MA. E.RS: 
Pror. W. G. Apims, M.A., F-R.S. | Pror. W. BE. Ayrton, F.RS. 
= Lorp KELVIN, D. C. 8S Li. D., P.R.S..; Pror, G. F. Frrzgerarp, M.A., F.R.S. 


eos Gice-PrestVents. 
: AA cae ae M. A. Pror. J. Perry, D.Sc., F RS. 
“Mags. ~Guy. E. R. Festine, R.E.,F.R.S. | Pror. S. a THOMPSON, D.8c., F.R-S, 
eee Secretaries. 
of. a Brassey, M.A. M.I.C.E. | A. M. Exper, M.A, 
*Pcensiiver, 


Dr. HK. ATKINSON. 


Bemonstrator anv Librarian. 
C.. Vernon Boys, F.RB:S. 


Other Members of the Council. 
R. E Baynes, M. A, Pror. G. M. Mencuty, M.A. 


SHELFORD BipweEwy, M.A., LL.B.; | G. Jounstonn Sronzy, M.A., F-R:S. 
Et SER Se ~ | W.E. Sumpnmr, D.Sc. - 

_L, Frurcunr, M.A., F.R.S. JamEs SWINBURNE. 
_ Pror. G. FULier. Prof. §, Youne, D.Se., F.B.S. 


Pror, 0. , ESIC, “Pb. D.; F.R.S. 


Evitor. 
J. SWINBURNE. 
66 Victoria Street, S.W. 


ai ; - Abstractors. 
Ro Apenpyanp. —_—s|: HE. E. Fournrerp’ Anse. | E. C. Rimrnerton. 

FE. H. Barton, D.Sc. —_—'| Pror. A. Gray, M.A.~ | J. W. Ropenr. 
RAE. Baynes, M.A. A. Grirrirus, B.Sc. — | 8. Skinner, M.A. 

H. Borns, Ph.D. | J. L; Howarp, D.Sc. W. E. Sumpner, D.Sc, 
=G-H. Bryine 7 | R.A. Learetpr, B.A., | F. L. Trovron, D.Sc. 
—S-H. Bursury; M.A. =; = BSc. L. RR. WinRERFORCE. 
_€2V- Burton, D.Se. T. Preston, M.A. W.C. D. WHetHam, 

JW. Capstick, D.Se.* -W. G. Ruopes, M.Sc. W. Watson, D.Sc. 

‘A. Danrexn, M.A. E S.-RipEat, D:Sc., F.I.C. 

Sie ed: Weporter. 


GC. V. Burron; D. Be 


Ne ge L0 NDON: 
TAYLOR AND FRANCIS, RED LION COURT, FLEET STREET. 


Price to Non-Members, Pesce ELE SOREL 


; CONTENTS OF PROCEEDINGS. 


—— Page 

XIV. On the Tiesiet and Winding of Alternate- Carzont 
Electromagnets. By Srtvanus P. Tuomrsoy, D.Se., FRS., 
and Mite Wate: iS or ee foie he a mee es Paes 133 
XV. On Electromagnetic Induction in Plane, Cylindrical, and 
Spherical Current-Sheets, and its Representation by Moving _ 
Trails of Images. By G.H. Bryan, M.A. eS eracae se SRS resheebae 
XVI. On Disleciriee By. Route APPLBYARD 2.2 2es i. 0 155 


XVIL. Note on the Behaviour of certain Bodies in. presence a 
of Electromagnetic Oscillations. By Prof. G. M. Mincuin, M.A. 170 


XVIII. The Passage of Hydrogen through a Palladium 


Septum, and the Pressure whieh it produces. 
- Ramsay, F.R.S. ... 


Pee we ee ee ew tee we * 


By Witi1AM 


Abraham, 43. 
Abt, 32. 

Aignan, 50. 
Angstrom, 13314: 
Appun, 2 

Arons, 16. 


Arrhenius, 2, 4, 24. 


Ascoli, 3) 
Bakker, 238. 
Bartoh, 26. 
Beekmann, 10. 
Bender, 49, 
Biot, 50. 
Birkeland, 35. 
Boek, 22. 

du Bois, 3h. 
Bonasse, 16. 
Bouty, 16. 
Bredig, 49. 
Buckingham, 19: 
Campetti, 51. 
Carrara, 51. 
Christiansen, 28. 
Cohen, 39. 
Curie, 11. 
Déguisne, 37. 
Dieterici, 4, 10. 
Donle, 33. 
Dihring, 22. — 
Drude, 16, 36. > 
Duclaux, 25, 
Duhem,.50. 
Hbeling, 44. - 
Ebert, 17, 34. 
Fanjung, 39. 
Feussner, 41. 
Fomm, 45. - 
Fromme, 29. 
Frowein, 11. 
Gauss, 16. 
Gernez, 51. 
Gibbs, 20. 
Graetz, 45. 
Grotrian, 31. 
Guldberg, 25, 
Haas, 30. 


Hagenbach, 35, 44. 


Hall, 11. 

de Heen, 46. 
Helmboltz, 16, 28. 
Hertz, 32, 36, 42. 


Heydweiller, 1, 34, 


Himstedt, 35. 
Hittorf, 12. 
van t’ Hoff, 2; 25. 


Jones, 9, 9. 
Julins, 15. 
Kahlbaum, 4, 5, 
Kahle, 41,41. 
Kawalki, 46. 
Kelvin, 24. 
Kirchhoff, 13, 22. 
Kirn, 17. 
Kleiner, 45. 
Konig, 15, 18, 27. 


Kohlrausch, 1, 17, 48, 47, 


48, 49 
Kortright, 48. 
Kowalski,. 25. 
Kremer, 49. 
Landolt, 5,50. 
Langley, 14. 15. 
Laurie, 31. 
Lebedew, 29. 
Lecher, 30, 33, 34. 
Lehmann, 1, 34, 39, 48. 
Lenard, 42. 
Linebarger, 10. 
Lippich, 17. 
Lohnstein, 7. 
Loomis, 9, 9. 
Lorentz, 36. 
Lussana, 25, 37, 52. 
MacGregory, 40. 
Mach, 8. 
Majorana, 19. 
Marchis, 10. 
Melde, 27, 34. 
Mendelejeff, 37. 
Monti, 52. 

Miitzel, 52: 

de Muynck, 12: 
Nagaoka, 28, 28. 
Natanson, 6, 22. 
Neesen, 8. 

Nementz, 6. 

Nernst, 38, 38, 44, 46, 47, 

48, 50, 51. 
Moumaneh 39. 
Ostwald, 2, 37, 88. 
Pagliani, 26. 


Paschen, 12, 13;.18;-138, 
14, 14, 15, 15, 25. 


Pensky, 6. 

Pfeifer, 25: 
Pickering, 9. 
Pringsheim, 13, 25. 
Pulfrich, 12. 
Purkinje, 18. 
Quincke, 4, 9. 


NAME INDEX (Apzsrtracts). 


Ramsay, 22. 
Raoult, 24, 
Raps, 8. 


Rayleigh, 6,41, 


von Recklinghausen, 47. 
Recoura, 24. . 
Riecke, 20,-21. - 
Rontgen, 16, 36. 
Rossetti, 26. 

Rowland, 14. 


~ Rubens, 12. 


Ruoss, 18. 


~ Scheffer, 50. 


Schiller, 2, 16: 


-. Schmidt, 16. 


Schroter, 5, 
Schwebel, 51. 
Schwirkus, 7. 
Setschenow, 5. 
Smale, 38. 
Springmann,.40. 
Stankewitsch, 31. 
Stefan, 50. 
Steiner, 5: 
Steinheil, 31. 
Stenger, 17, 
Stracciati, 26, 
‘Tammann, 47, 49. 
Tesla, 35. 
Thonison, 39,50. 
Timofejew, 5. 
Toepler, 2. 
Trevor, 48, 
Vicentini, 26. 
Villari, 34, 
Voigt, 8, 4. 
Vollmer, 37, 
Volkmann, 16, 


-van der Waals, 21, 24, 


Walter, 15. 

Weber, 17. 
Wernicke, 18; 
Whetham, 37, 50. 
Wiedeburg, 42. 
Wiedemann, 11, 13, 34. 
Wiesengrund, 3. 
Wijs, 2. 
Wildermann, 47, 48. 
Winkler, 5. 

Wright, 39. 


Young, 21,22. 


Zecchini, 52. 
Zehnder, 32,35, 36. 


Zumft, 18, 


NUM CME der aes ry Oe ae 2 Ne RU eee = Se PUT ACRE SSO PS OEE TR, 


oe Ek ee 3 a 


. 


Rit Np 
Lo ee 


Se a tm Pe 


iM 


PSs s 
be ATI Ma ate oi es 


PROCEEDINGS 


OF 


THE PHYSICAL SOCIETY 
OF LONDON, 


Aprit 1894. 


XIV. On the Design and Winding of Alternate- Current 
Electromagnets. By Strvanus P. Tompson, D.Sc., 
FLRS., and Mines WaALKER*. 


1. In designing electromagnets for use with alternate currents 
various considerations enter which do not enter into the 
design of electromagnets for use with continuous currents. 
Chief of these considerations are the self-inductive action of 
the windings, and the frequency of the alternation of the 
current. 

As with continuous-current electromagnets, so with alter- 
nate-current magnets, the degree to which magnetization is 
carried in the magnetic circuit of given configuration depends 
upon the number of ampere-turns of the excitation. The 
methods of predetermining the number needed to produce any 
desired degree of magnetization are too well known to need 
any reference. Our present aim is to show how to determine 
the winding which will, under given circumstances as to 
frequency, voltage, &c., produce any desired number of 
ampere-turns. 

2. As a preliminary, however, it is needful to touch upon 
the point whether an electromagnet (properly laminated, it is 
understood) will give an equal pull, when excited with an 
equal number of ampere-turns of alternating current. 

* Read April 27, 1894. 
VOL. XIII. L 
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Since the pull of an electromagnet upon its armature 
depends upon the normal tension along the magnetic field 
integrated over the area of the pole-face, and this tension 
is proportional to the square of the intensity of the magnetic 
flux, then, if this flux were proportional to the number of 
ampere-turns of excitation (as would be the case if the per- 
meability were constant), the pull would be proportional to 
the square of the number of ampere-turns. Now the ampere- 
meters for alternate currents operate upon principles that 
cause them to indicate the square root of the mean square 
values of the current. Hence it follows that, if permeability 
were constant, the pull should be proportional to the square 
of the current, whether the current be continuous or alter- 
nating. But since, with an alternating current of the same 
nominal value as a continuous current, the magnetism is 
carried at each period to a point considerably higher than 
with the continuous current, and since also at the higher 
degrees of magnetization the permeability is lower, it follows 
that the pull of the electromagnet when excited by alternate 
currents ought to be slightly less if the excitation is so 
great as to carry the magnetization 
into the regions commonly spoken of as Fig. 1. 
approaching saturation. The pull ought 
to be independent of the frequency of the 
alternation provided this exceeds a certain 
minimum. 

Hixperiments made show that these 
views are justified in practice. 

An electromagnet of the form shown 
in fig. 1 was made up of iron stampings | 
about 0°5 millim. thick. 

The principal dimensions were as follows :— 


Mean length of limbs and yoke . 38 ems. 
Breadth oflimb. . =. . . = 31 “eme: 
Gross thickness of limb . . . 2°54 cms. 
‘Nett thickness of limb. . . . 2:1 ems. 
Nett cross section of limb. . . 6°5 sq. ems. 
Width between limbs . . . . 6:3 cms. 
Total length of armature . . . 12°7 cms. 
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The stampings of the armature were of the same thickness, 
number, and breadth as those of the electromagnet. In the 
succeeding experiments the electromagnet was wound with 
163 turns of copper wire 2:03 millim. in diameter, and the 
armature was separated from the pole-faces by a distance- 
piece of wood 0°952 centim. thick. 


TaBLE showing Pull and Different Frequencies with various 
Currents. 


Exciting Current. 


Mean lines per 


Pull, in grammes, 
with Continuous 


Pull, in grammes, 
with Alternate 


Aimperes. sq. centimetre. Gnreenk. ees 
A. At a frequency) of 30 periods per second. 
8 2300 280 280 
125 3600 820 820 
B. At a frequency, of 60 periods per| second. | 
8 2300 280 | 280 
10°2 2900 530 550 
C. At a frequency) of 90 periods per| second. 
4 800 60 60 
4:2 1100 100 100 
10:2 2900 530 530 
21 5600 2400 2200 
D. At a frequency) of 120 periods per| second. 
13:2 3900 900 900 
21 5600 2400 2200 


These experiments show that the pull was exactly the same 
when the intensity of the flux did not exceed 4000 lines per 
square centimetre. At higher degrees of magnetization the 
pull with alternate currents is slightly less. 


iy 
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It may be remarked that at higher intensities and with 
higher frequencies, eddy-currents, if any are present, will 
produce, for an equal flow of exciting current, a greater 
demagnetizing action, and therefore lessen the pull. On the 
other hand, if the current is supplied at a constant (alternating) 
voltage, eddy currents do not decrease the magnetization but 
cause more current to flow in proportion. 

Another experiment was made with a solenoidal electro- 
magnet with a Jaminated U-form plunger belonging to a 
Brush alternate-current arc-lamp. This plunger with 
attached mechanism weighed about 820 grammes, and was 
arranged to be drawn up into position by a current of 10 
amperes, This plunger was loaded with various weights and 
the current required to raise it was measured, with the 
following results :— 


| Total weight. Continuous Current. Alternate Current. 
Grammes. Amperes. Virtual Amperes. 
am | 
820 10 10 
933 Wye 18 
1039 | 18:2 19°5 
1276 | 25 26°5 
| 1601 3l 83 
1728 36 40 


3. When alternate currents are supplied at a given voltage 
to an electromagnet having a given configuration of the mag- 
netic circuit, and itis desired to produce bya winding any given 
number of ampere-turns of excitation, it is obvious that there 
are many ways of attaining the result with coils of various 
sizes and numbers of turns. If the resistance of the coil is 
so small relatively to the inductance as to be negligible, then 


there will only be one possible solution as to the number of . 


turns. If, however, the resistance of the coil is of a magni- 
tude comparable with that of its inductance, then there are 
various possible solutions, for an equal number of ampere- 
Tas ‘ ; > ; : 

turns may be produced by using currents of different strengths 


and coils of different numbers of turns. In the cases of 
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different windings the lag of phase of the currents will be 
different. If the resistance is large relatively to the inductance, 
the difference of phase between the current and the impressed 
volts will be small, and the wasted watts large. If the in- 
ductance is large relatively to the resistance, the difference of 
phase will be nearly 90°; and the current will be nearly 
wattless, the efficiency being relatively high. 

It is in accordance with good constructive practice to use 
such frequencies in the supply, and coils of such relatively 
high coefficients of self-induction as to justify the assumption, 
for the purpose of design, that the inductance is the important, 
and the resistance of the coil the unimportant matter. How- 
ever, to bring the calculations to bear upon all cases that may 
occur, both resistance and inductance have been taken into 
consideration. 

Let the impressed volts be called V, the current 7 (both 
being square-root of mean square values), the resistance of 
the coil R, its coefficient of self-induction L, the frequency of 
the period of alternation n, and the number of windings W. 
The inductance will then be 2anL, which for brevity may be 
written pL. Then the impedance will be / R24 tah gene 
relation between volts and amperes in the coil will be expressed 


a8 V=i VR? +p?L?. 
The angle of lag being called ¢, its sine will have the value 
pu V R24 p?L2. 
Hence we have the following relation :— 
er eID O70 ee ee a a) seal L) 
these being equivalent expressions for the effective part of the 
volts that is employed to balance the counter-electromotive 
force of self-induction in the coils. Now L is proportional to 
the square of the number of windings ; and may be written 
=kW2, where & is the coefficient of self-induction of a single 
turn, and W the number of windings. 
Now, let the prescribed number of ampere-turns that are 
to be produced be called Z=/W. Inserting these values in 
(1) we obtain the expression 


West == hie. eee eee aac) 
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and finally Vv sin b ‘ (3) 


which is the relation sought. 

4. The quantity & denoted above, the coefficient of self- 
induction of a single turn, depends upon the dimensions of 
the iron parts of the magnetic circuit and upon those of the 
air-gap, as well as upon the permeability of the iron. If the 
magnetization is not carried beyond 5000 lines per square 
centimetre, the permeability may be considered as constant. 
But k& will decrease with any increase in the reluctance of 
the magnetic circuit, such as the lengthening of the air- 
gap. On the contrary, as the armature is attracted up 
toward the poles & increases. The quantity & represents the 
number of magnetic lines ( x 10-°) which permeate the mag- 
netic circuit when one ampere circulates in a single turn of 
wire around the core. We have ouly to multiply & by the 
square of the number of windings to obtain the coefficient of 
self-induction of any coil subsequently to be wound upon this 
magnetic circuit. The quantity must itself he experimentally 
determined. This can be done by winding upon the magnetic 
circuit an experimental coil having a known number of turns 
w, and a known resistance r. Using this coil, measure the 
virtual current ¢ which passes when it is supplied at a voltage 
v of frequency n. During the experiment the armature should 
be fixed, say by wooden distance-pieces, in the position which it 
will occupy in use. ‘Then the coefficient of self-induction 1 of 
the temporary coil will be 


l= VP? — Cr? Ar n2e?. 


Then / being thus experimentally determined, it follows that 
k=l/w". 

From the equation (38) we see that V, p, and k being 
constant, there is a certain maximum number of windings 
which must not be exceeded if we are to get the prescribed 
number of ampere-turns of excitation; for sind cannot be 
greater than unity. If this maximum number of windings is 
exceeded, the result will be to give fewer ampere-turns, 
This is easily seen if equation (3) be put into the form 
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I 
= Sane een) 
“pW 
Other things being equal, the ampere-turns are inversely 
proportional to the number of windings. This, at first sight, 
seems an anomaly; but is easily understood when we re- 
member that the self-induction, and therefore the lessening 
of the current, is proportional to the square of the number of 
turns ; so that whilst we are increasing our turns we are 
reducing our amperes in a much greater ratio. 

Having ascertained 4, the only other factor to be determined 
is sing. This in most practical cases can be assumed to be 
unity, since with the usual frequencies of supply and using 
magnets with iron cores, there is no difficulty in keeping the 
resistance negligibly small even when the number of windings 
is at the required maximum, so that ¢ is very nearly 90°. 
This will be seen from the results given below obtained from an 
actual magnet. In most ordinary cases, then, we merely write 


W=V/ipZ; . ... .. ©) 


and, having calculated W, we find what current the wire will 
have to carry from the equation i=ZW. _ If there is room, 
and in most cases there will be ample, we may wind with 
thicker wire than is necessary to carry the current; but 
there is no advantage in using thicker wire than such as 
makes R practically negligible. 

5. The following results are from actual experiment. The 
core and armature were those already described in rela- 
tion to fig. 1. The iron core was wound with 140 turns of 
copper wire, 1°22 millim. in diameter, for the purpose of first 
determining & when the armature was at the distances of 9°52, 
6°35, 3°17, and 0 millim., respectively, from the poles. The 
resistance of the wire when heated by carrying 12 amperes 
was 0°3 ohm, and the frequency 93 periods per second. The 
fourth and fifth columns are worked out from the formule 
given above ; for instance, in the first case 


V (B1)?— (12 x 0°3)? 
Bl =0-0043! 
t= Ox 93x 12 as 


0°004384 
SES —_—_—_—- = Gay. TOns: 
k= agye = 221 x 
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Aj Virtual Volts} -yistual Coefficient of |Self-induction 
: peal at terminals a Self-induction| of one turn. 
(nillimetres). oscil: mperes. ] 
9-52 31 12° 0:00434 | 0:221x 10-6 
6°35 35°6 12 0-005 ~—|: 0-225 x 10-8 
317 46°8 12 0:00658 | 0336 x 10-6 
0 bl 2-76 00838 168 x10-6 


Suppose it were now required to wind the iron core so as 
to obtain 2400 ampere-turns when the armature was distant 
9-52 millim. from the poles, using 50 volts and the same 
frequency as before. 

Taking the equation (5) we obtain : 


Wit: 50) 
~ 0-221 x 10-8 x 2 x 3°1416 x 93 x 2400 


=163 (approx.). 


Accordingly 163 turns of wire 2°03 millimetres in diameter 
were wound upon the core. The current found, under the 
above conditions, to flow through the coil was 14:9 amperes, 
as measured by a Siemens’ electrodynamometer. This shows 
that the coil produced 2430 ampere-turns, the error being 
well within what may be expected when using commercial 
measuring-instruments. 

Some other results obtained with this magnet are given 
below (table, p. 141). 

6. An advantage of the alternate-current electromagnet is 
the greater constancy in the pull which it exerts over a given 
range. If supplied at constant voltage a fairly constant pull 
on the armature can be obtained over a considerable range. 
The reaction set up by the core tends to set up a back-electro- 
motive force the limiting value of which is equal to the 
impressed voltage. If the resistance of the coil were actually 
zero and the magnetic leakage also negligible, this limiting 
value would be attained. Now suppose that when actine 
upon its armature at a distance the self-inductive recon 
chokes the current down to a certain value, the ma gnetization’ 
of the core going round cycles between definite maxima. 
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Coil 163 turns ; resistance (hot) 0°15 ohm. 


Air-gap . Virtual Coefficient of |Self-induction 
(millimetres). Virtual Volts. Amperes. |self-induction.| of one turn. 
9°52 VD 0:00574 | 0216 x 10-8 
6°35 50 12 0-00714 0:268 x 10-6 
: | 
( 


Coil 274 turns ; resistance (hot) 0°6 ohm. 


9°52 50 | 5 001712 228% 10-8 
6°35 50 | 44 00194 | 0:259x10~* 


3:17 50 | 35 0:0244 0326x1076 
| 


Suppose the core to be drawn in nearer to the pole, the 
reluctance of the magnetic circuit is lessened, and fewer 
ampere-turns will suffice to produce an equal magnetization ; 
but because the reluctance is lessened the coefficient of self- 
induction is correspondingly increased, and the current choked 
in corresponding proportion. These two effects counter- 
balance one another, the magnetization going round cycles of 
practically the same amplitude as before. Hence the pull 
will be practically unchanged, save in so far as any change 
in the magnetic leakage at the different positions of the 
armature comes in to affect the question by weakening the 
field between the pole-faces and the armature. Were the 
pole-faces made relatively large so as to obviate the tendency 
to leakage and ensure the field being nearly uniform in the 
gap-spaces, the pull should be also very nearly constant 
throughout a range equal to at least one third of the breadth 
of the pole-face. 

7. It is useful also to know the ratio between the different 
voltages that are needed, for a given electromagnet, to pro- 
duce an equal number of ampere-turns with alternating and 
continuous electromotive forces. 

Let V, stand for the alternating volts and V, for the 
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continuous volts which must be applied to the terminals of 
the coil in order to produce equal virtual amperes. Then 


Ve _ JR 4pPL 
ee 


When, as is generally the case, R is small compared with pL, 
we may take as a sufficient approximation 


Va pl 

The alternate voltage ratio is proportional to the frequency 
and to the time-constant of the electromagnet.—For this ratio 
we may, on certain assumptions, find an expression in terms 
of the dimensions of the core and coil. Confining ourselves 
to the case where the magnetic circuit is closed, we may find 
the value of L as follows :— 

Let J, be the length (in centimetres) of the iron magnetic 
circuit, A, its cross section, v, its volume, m, its mass in 
grammes, # its permeability, and S the number of windings 
in the coil. Now m,=7:79v;. Then L (in henries) will be 

L=47rA wS*?/10%, = 4arvuS?*/10°l,? = 4am, pS?/7-79 x 10°,2. 
Assuming that B does not exceed 6000 lines per square 
centimetre, we may take for ordinary wrought-iron sheet 
p= 2000, and inserting this we obtain 

L=8?m,/310,000 /,?. 

Further, let /, be the mean length of one turn of the copper 
winding, A, the cross section of the copper wire, k its con- 
ductivity (mhos per centimetre cube =10°+1°63), w the 
volume of copper (=SA,/,), and m, the mass of copper 
(=8'8v,). Then we have for the resistance of the coil 

R=1,8/Agk =1,?S,7/vok = 8° 812?S,"/mok. 

Inserting these values for L and § we obtain :— 


Va pl _ 2anS?m, . m,.10° 

Vir AR BIO000K* 4 8-818? + 

Va pe. M4Mg 

V7 ae A ° ‘ . . . (8) 
It is, however, doubtful, since the magnetic circuit contains’ 

two joints, whether so high a value as 2000 can be expected 


ALTERNATE-CURRENT ELECTROMAGNETS. 143 


in ordinary work for w. In that case the coefficient 1:41 will 
be lower. With the electromagnet described above, at a fre- 
quency x= 93, and with the armature in contact, the coefficient 
was 0°6 instead of 1:41. This is tantamount to saying that 
the working permeability was only 850. As so arranged, L 
being 0°044, the inductance pL was 25:26 ohms, and R was 
0:15 ohm. The alternate voltage ratio was therefore about 170. 

As the armature was removed from proximity to the poles 
the self-induction, and therefore the impedance, fell, making 
the voltage ratio for equal currents lower. When the armature 
was at 3°17 millim. the voltage ratio fell to 34, and at 9°52 
miliim. to 21°5. 

It was stated above that in ordinary cases the ratio pL/R 
might be taken instead of the more complete expression of 
equation (6). If it is desired to obtain a nearer approxima- 
tion to /R?+p’L*/R than is afforded by simply neglecting 
the R under the square-root sign, we may take the value 


Vas tpl R 


eee 
which, by reference to the preceding numerical instances, 
shows that the correcting term is really negligible, being in 
the first case, where pL/R was 170, only =},, and in the 
last case, where pL/R was 21:5, only 7s, less than } of 1 per 
cent. 

8. Lastly, a very simple expression can be found for the 
number of windings, in terms of any desired mean value of 
the magnetic flux Nin the iron. For if the iron of cross- 
section A is subjected to cycles of magnetization in which the 
mean value of the permeation is B, the mean flux is N= AB, 
and if the frequency be m periods per second, the self-induced 
electromotive force in W windings surrounding the iron will 
be equal to 27nWN-=-10% volts. If, then, the resistance is 
negligibly small, this may be equated to V, the mean volts of 
supply, whence we obtain at once 

V x 108 
och 3k ages a (9) 

For example :—Suppose that in the above magnet it were 
desired to obtain a permeation of 4000 lines to the square 
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centimetre, the total number of lines N would equal the area 
A (6:5 square centim.) multiplied by 4000, or N=26,000. 
Taking the volts as 50, and the periods per second as 93, we 
find by formula (9), W=829. 


Discussion. 


Prof. Prrry pointed out that the constant pull of the 
alternate-current magnet followed immediately from the 
fundamental equation e=rc+nI, where re is small, for if e 
be constant then I and therefore I and I? are constant. He 
was interested to see that the pulls for equal ampere-turns 
were the same, and indicated how the problem could be 
worked out mathematically when hysteresis was taken into 
account. 

Mr. Buaxestey thought it better to fill the space ona 
magnet full of copper rather than use wire only just large 
enough to carry the current, for the loss of energy would 
be reduced. Some of the formule given might be put in 
simpler form. 

Mr. SwinBuRNE said an alternate-current magnet would 
only give constant pull in special cases. As another rule for 
winding alternate-current magnets, he said, wind the magnets 
as for continuous currents, and puta condenser in to take 
the same current, thereby reducing the voltage required. 

Mr. BLAKESLEY said it would require a capacity of 600 
microfarads to suit the magnet mentioned in the paper. 

Dr. THompson, in reply, agreed with Mr. Blakesley that 
the condenser was impracticable in many cases. 
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XV. On Electromagnetic Induction in Plane, Cylindrical, and 
Spherical Current-Sheets, and its Representation by Moving 
Trails of Images. By G. H. Bryan, M.A.* 


Part I.—GeENERAL EQuatTions—PLANE SHEETS. 
Introduction. 


1. Ir is well known that if a very thin, indefinitely extended 
plane sheet of metal of finite conductivity is placed in a 
varying magnetic field due to the presence of moving mag- 
netic poles in its neighbourhood, induction-currents are set 
up in the sheet and the field of force due to these currents 
may be represented by a moving trail of images. 

In the present paper the surface-conditions which hold at 
the surface of a plane, cylindrical, spherical, or other con- 
ducting sheet of uniform small thickness are deduced directly 
from the fundamental laws of electromagnetic induction. 
By working directly with the scalar magnetic potential, and 
avoiding the introduction of the vector potential and the 
quantity which Maxwell denotes by P, the investigations are 
much simplified. Moreover, in at least one comparatively 
recently published paper the boundary conditions satisfied by 
the vector potential at the surface of separation of two different 
media have been erroneously stated, and for this reason it 
is advantageous to employ a method which obviates the 
difficulty. 

The results will be employed to show how the field due to 
the presence of a magnetic pole of varying intensity in the 
neighbourhood of a plane, cylindrical, or spherical current- 
sheet may be represented by means of a moving trail of 
images. By the principle of superposition the effect of any 
number of poles of varying intensity can be deduced, and the 
corresponding expressions for the field can thus be obtained 
when the variable inducing system of magnets is of the most 
general possible character, as, for example, one (or more) 
magnetic poles moving about in any manner whatever. 

In this way a synthetic solution of the problem of induction 


* Read May'11, 1894. 
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in current sheets is obtained. The phenomena of induction 
in spherical and other current sheets have been treated at 
considerable length from an analytical point of view by 
Larmor, Lamb, and Niven, and the last-named writer has 
made some attempt, in the case of a sphere, to interpret the 
results by means of images; but the present investigation 
seemed desirable for many reasons, and it is hoped that it 
will overcome some of the difficulties, and elucidate some of 
the obscurities which present themselves in most treatments 
of this interesting application of the principles of electro- 
magnetism. 


Fundamental Assumptions. 


2. The laws of electromagnetic induction assert that in 
bodies at rest 

I. The total current across any enclosed portion of a sur- 
face which always contains the same particles is equal to 1/4 
of the line-integral of magnetic force round the curve bounding 
the surface. 

II. Lhe rate of decrease of the surface-integral of magnetic 
tnduction across any enclosed surface which always contains 
the same particles is equal to the line-integral of electromotive 
force round the curve bounding the surface. 

In applying these laws to an infinite dielectric separated 
into two portions by a thin conducting sheet, it is usually 
assumed that the disturbance produced hy the inducing system 
is not a very rapidly alternating one, so that displacement 
currents in the dielectric have no appreciable magnetic 
effect*. With this assumption, the magnetic force in the 
dielectric will always be derivable from a potential which will 
only depend on the inducing system and the currents in the 
sheet. In other words, the state of the dielectric will be 
given by an “equilibrium theory.” 

It is also assumed that the induction-currents at any point 
distribute themselves uniformly throughout the thickness of 
the sheet. This requires that the disturbance shall not be a 
very rapidly alternating one, and also that the thickness of 
the sheet shall be very small compared with the other linear 


* Watson and Burbury, ‘Mathematical Theory of Electricity and 
Magnetism,’ ii. § 405. 
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dimensions of the system (such as the distances of the moving 
poles, the radius of the sheet if spherical, &c.). 


Surface Conditions at a Plane-Current Sheet. 


3. Let the plane of the sheet be taken as the plane of z, y, 
let the thickness of the sheet be c, and specific conductivity C. 
Let Q,, 2, be the magnetic potentials on the negative and 
positive side of the sheet respectively, @ the current function 
in the sheet at any point. Apply Law J. to the circuit formed 
by going along the positive side of the sheet from the origin 
to any ae and returning along the negative side from that 
point to the origin. Since the thickness of the sheet is small, 
the terms contributed to the line-integral of the magnetic 
force by the passage of the circuit from one side of the sheet 
to the other may be neglected and we obtain * 
0,—OQ,=4r7rd+constant. . . . . (1) 
Now apply Law II. to any circuit s drawn in the plane of 
the sheet. Let 8,, 8, be two surfaces drawn in the dielectric 
infinitely near to the positive and negative faces of the sheet 
respectively and both bounded by the curve s, and let P, Q 
be the components of electromotive force at any point. Then, 
assuming the magnetic permeability of the dielectric to be 
unity, we have 


{ Pav Qdy) round s= — a || d= ai sa 48, 


and since corresponding elements of the near surfaces §,, S, 
are equal, it is evident that 
dO, — dQ, 
ee ESS OE ne 6 ee VO 
dz dz (2) 
at the surface, so that the normal component of magnetic 
induction is continuous, as it should be f. 


* Maxwell, ‘Electricity and Magnetism,’ ii. § 653. 

+ The magnetic permeability of the sheet itself will not affect the 
conditions of the problem unless it is required to proceed to a higher 
order of approximation by taking into account first powers of the thick- 
ness (or unless the sheet is formed of soft iron whose magnetic perme- 


ability may be large). 
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Again, the equations of conduction give 


Cen = oa CoQ=— 2. 


Xv 
Hence 


d (( dQ, d (( dO, 4g dpd«  dpdy 
All dz era a dz al ds da di Nas 
=i dy EN; a,| ds 
dy dn Serr ye on Oc 


a ap =) 
gf am (Gat OE 


where dn is the element of the outward-drawn normal to s 
and the surface-integral taken over the area S of the sheet 
bounded by the curve s. 

Hence at the surface of the sheet 


ddQ, — ddQ, 
dt dz dt dz 


= (8 8 
~ Oc\da? * dy? 


1 d? a 
= (gat FA) by (1) 


Rees fee 
~ AnCe dz* 
(remembering that y?Q,=0 and y?Q,.=0). 
4. Now let Q, be the magnetic potential due to the external 
or inducing system, Q/ and Q” the magnetic potentials on the 
two sides due to the sheet itself, so that 


0, =0)4+ 0’, OFS OF”. . . . (4) 


Then Q, and its differential coefficients with respect to < 


are continuous in crossing the sheet, while from the symmetry 
of the field due to the sheet 


0! (a, y, 2) =—Q” (2, Y5—2)y A En (5) 


so that d*Q/ = fam wpe 
dz dz” ° 


(HE Oiin a eee) 
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Therefore the surface condition (3) gives 


addY 42 dQ, 1 dQ! 
FAT. Oe Hee, Loeerdet ras ot (6) 
Re GREE hs tao 


SFE SUES Ce en me Ge ee (7) 


as the surface conditions satisfied by the potential at the two 
sides of the sheet. 


Surface Conditions at a Cylindrical Sheet. 

5. Using cylindrical coordinates, let r=a be the equation 
of the middle surface of a cylindrical current-sheet, and let 
its thickness ¢ be so small that the corresponding elements of 
its bounding surfaces and middle surface, viz. 

(a—4c) dOdz, (a+ 4c) dO dz, and adé@dz, 
are to be regarded as equal. 

If O4, QO, are the magnetic potentials inside and outside the 
sheet, we shall still have as for a plane sheet 

0Q,—0,=47d+ constant; . . . . (1) 
and by application of the second law to the small circuit 
bounding the surface-element a d@dz, we have at the sheet 


ddQ, ddQ._ _ i d dp , a 
dt dr dt dr CclrdOrdd~ dz? 


1 1 d? a iz ‘ 
~~ 4arCe Lr? dé? a dz? (Q,—2,) 
er a. 
~ 4dr (get; > dp) 2-1), 
pen 103) _ te Loca 
in) AG dr 4arCe Fi a (Oz 0). Pare (8) 


Surface Conditions at a Spherical Sheet. 
6. In the case of a spherical sheet of small thickness, we 
obtain in like manner 
Gale dd0, le (dg 2 8 


eGR er dade’ | nde 


df ,.dQ4\__ df , dQ, “ed : 
5 ae al? ae = EGE 7 7p (Oa— Mn). (9) 


VOL. XIII. M 


(Q,—)), 


or 
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Extension to Curved Sheets of other Forms. 

7. When the sheet is of any form other than those above 
considered, it is necessary to assume a certain Jaw of variation 
of the thickness in order to put the boundary conditions into 
a form similar to those given above *. 

Let us use orthogonal coordinates «, 8, 7; let the line- 
element be given by 


and let the equation of the current sheet be 
ry =constant. 

Equation (1) still holds, and by applying Law II. to the 
circuit enclosed on the sheet by the curves a, a+6a, 8 and 
8+6B, we have the surface-condition 
Ta Ogee a 
hihg dt dy — Iyhgdt > dy 


d h, dod d hy dp) 


da \Cchy daS dB i Cch, dB § 


ee a hy de Del: tage 
ow Yd leda (Ga. =] jj dp (Ga. all (Q2—)). (10) 


But Laplace’s equation which is satisfied by Q; QO, may be 


written 
| hy oC) rn d ( hy a) dz/ hy dG 
da\hish, da) * dB\Igh, dB) + dy\Igh, Ty 0 


Hence it is possible to eliminate differential coefficients 
with respect to «, 8 from the surface-condition if, and only if, 


Ce K hs. eee oe ee . . (11) 


Hence the thickness of the sheet at any point must be 
inversely proportional to the distance between two neighbour- 
ing surfaces of the family y=constant at that point. In the 
case of an ellipsoidal sheet this leads to the well-known con- 
dition that the thickness must be proportional to the perpen- 


* Compare Watson and Burbury, §426. 
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dicular on the tangent-plane, or that the sheet must be a 


shell bounded by similar and similarly situated ellipsoids. 
Writing 


LES) hs 
AE vee 
the surface-condition now becomes 
hs on hs GOr r a 
t\Iyhy =! ) t\Ayhs ty) = 2 Sate ey 


Synthetic Determination of the Images in a Plane Sheet. 


8. In order to illustrate the synthetic method, consider its 
application to the well-known case of a plane-current sheet. 
Let the induced currents be excited by a magnetic pole placed 
at the fixed point (a, yo, 29) on the positive side of the sheet 
whose strength is f(t) an arbitrary function of the time. 
Then 


f(t) 
ee As ne eel LA 
° {(a@—= 29)? + (yy)? + (2—%0)2) 2 a 


and the surface-condition satisfied by Q/ the potential on 
the negative side is 
QO) QO, PO, 
Wee ded ey 
where 1 ; 
Sa eee wilt aon Ae F KLO 
2aCe Ge 
Integrating (15), the value obtained for Q! is found to be 
the potential due to magnetic poles or images on the positive 
side of the sheet, and these are outside the region over which 
the solution is required to hold, as they should be. We have 


5 nem I'() 
ie +RZ Jo Fae ERC (2-20)? 


es pe 7) 2 yt) a 

= he V4 (@— 40)? + Y—yo)? + (2 20) 
f(t) __ dt 

ae a) + (y Yo)? + (2 —2o— Rt + Rr)? 

’ f(t) 

Vv {(@—2)? + (y—yo)? + (2—20)"$ 


t 1 
— drt. (17) 
; is {ve dz /}(a—a))? + (y—Yyo)’ + eget ce Rr)’ 
M z 
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The first term represents the effect of a pole oe and 
opposite to the given pole at the point (20, Yo, zo), while the 
second term shows that the effect of the action of the pole 
between the times t and 7+6r is represented at time ¢ by a 
magnet of strength Rf(r)ér situated at the point (20) Yos 
Zot SRG): The potential at the positive side is found 
from the relation (5), or 


OM (a, y, z)= —Ol (2, y, —2). 


When the pole is in motion the results thus arrived at 
enable us to plot out the moving images contributed during 
every time element d7 of the motion in the well-known way, 
or they may be obtained as follows :— 

9. If, instead of a single magnetic pole, we are dealing 
with a mene decronnicn on the positive side of the sheet 
such that the volume-density of magnetism of the point 
(2% Yo Zo) 18 F(ay yo %0t), we must write F(a yo Zo t) day dy dz, 
for f(t) in the expressions for Q) and Q/. Hence we have 


nnd © 


: : F(a LW) Yo 20 t) day dy dz 
ef ease 
‘ J 1 (20) + Y= Yo)? teen) 5 , ee 


a [anfiaf fare 


—Zz —R(t—7) 


(ea)? Gane +(2——Rt—7) P}) 
If now the inducing system consists of a single pole of 
strength f(t) which moves about zn any manner so that 
its coordinates at any time ¢ are E(t), n(¢), ¢(t), functions of ¢, 
we have 
Faq Yo 20 T) =0, 
except when #)=€(r), yy=(t), 20=8(7), and then 
F (2 Yo 20 T) dary dyy dzy= f(r). 
nA) 
(e+ y—n00) + GSO + + OO 
=—, 
one ve 2—{(r)-R(i-7) 
(w ~ &(r))? + (y—a(r))? + (2-7) — R72) Pt 


= dk, dijo. (19) 


Therefore 


oar. (2 
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This is the expression for the magnetic potential due to the 
induced currents on the negative side of the sheet, 7. e.on the 
opposite side to the moving pole; and it is to be observed that 
2 is taken to be negative on this side. 

The quantity ©", which represents the potential due to the 
induced currents on the positive side (where z is positive), is 
given by 

= So) 

{(w-E)P+ (yal) + (2+ 60) 
: 
5 | Ry(r) za. She tell ae) 
-« {(w—E(r))’ +(y—n(r))? + (2+ $(r) + R(t—7)) 


and the complete expression fer the potential due to the 
induced currents and the moving pole itself is, by (4), 
D5 = O, +2”. 
10. The components of magnetic force at (a, y,2) due to 
the induced currents alone are respectively 
dOU dQ” a 


— 3 


dx’ ay” dz 


and the components of the force on the pole itself at any 
time ¢ are found by multiplying these expressions by the 
strength of the pole, 2. e. by /(¢), and putting w=€(t), y=n/(t), 
z=¢(t) after the differentiations have been performed. 

In particular, if the pole moves along a straight line per- 
pendicular to the plate, and we take this line as axis of z, the 
force on the moving pole itself 


f (0) { ‘ f(r) dr 
Ee Hiyx { . (23) 
TO Taga 7B) fn +) + ROP 
The well-known case in which a pole is suddenly generated 
at the time ¢=0, and its strength remains constant and equal 
to m after that time, is deduced by making 
f(t)=0 from t=— to t=0, 
f(t)=m from t=0 to t=+o0. 
We therefore have to write m for /(t) in the above ex- 
pressions and to reduce the inferior limit of integration with 


respect to T from —o to 0. 


ano" 


(22) 
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The advantage of starting with a fixed instead of a moving 
pole is more evident in the case of a cylindrical or spherical 
sheet, especially in the latter, since we are thus enabled 
to use zonal spherical harmonics only and the analysis is 
consequently much simplified. 


Discussion. 


Prof. Mrxcutn showed that equation (1) of the paper 
(O,-0,=47¢d+ constant, where Q, and Q, are the mag- 
netic potentials at the two sides of the sheet, and ¢ the 
current function) could be deduced by purely mathematical 
reasoning, instead of being based on the laws of electro- 
magnetic induction. Moreover it was true of any function 
whatever, and did not depend on ¢ being the current func- 
tion. Equation (2), 


(22 #01) 
de dz 


followed immediately from the fact that the magnetic force 
was continuous. The latter part of the paper might be 
simplified by integrating the linear partial differential 
equation (15) 


(G4 PO, _ a, Oo) 
dzdt dz dzdt 


7 


in the ordinary way, for the form was one for which the 
auxiliary equations are well known. 

Dr. Burton, in reply, said he thought Mr. Bryan’s reason 
for developing the equations from the laws of electromagnetic 
induction was to give his work a physical rather than a 
mathematical basis. 
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XVI. On Dielectrics. By Routo APPLEYARD *, 


Most dielectrics, when submitted to the ordinary “ insu- 
lation ” test, show an apparent increase of resistance under 
the action of the testing-current. That is to say: from 
the moment the current has been applied, the galvano- 
meter-spot, having reached its maximum position, falls 
gradually towards zero with time. The rate of this dimi- 
nution, at any instant, is a measure of the so-called “ electri- 
fication” of the dielectric at that instant. For commercial 
purposes the “electrification” is usually computed between 
the first and second minutes from the moment of charge ; 
the value thus determined is an excellent confirmatory guide 
to quality, if the general history of the material and the 
peculiarities of manufacture are understood. But, apart from 
its merely commercial bearing, “ electrification’ presents a 
wide field for scientific research. The use of the term “ elec- 
trification ” for this rate of change of the apparent resistance 
of a dielectri: with the time of application of the charging 
current, may be called into question by those who prefer the 
words “ polarization,” or ‘absorption ;”” but, in the present 
stage of our knowledge of the action which determines this 
change, it has been thought better to adopt a term which is 
never mistaken in practice than to use an ambiguous ex- 
pression, founded upon an equally uncertain hypothesis. 
“ Hlectrification ”’ seems to be the net result of many simul- 
taneous actions, some of which are very obscure ; the physical 
mechanism implied in the process is subtle and mysterious, 
the experimental observations are difficult to reconcile among 
themselves, and there is no theory to adequately account for 
the phenomena. It is not proposed, here, to make any attem pt 
at solving the difficulties, but rather to present them in the 
form of experimental results. 


Celluloid. 
The first substance to be dealt with, in this regard, is 
“celluloid.” As far as can be judged by inspection it 
appears to be a compound of guncotton and camphor, with a 


* Read May 11, 1894. 
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trace of lime—possibly in the form of sulphate. When seen 
through the microscope, small white spots become visible in 
a translucent yellowish substance. In texture “ celluloid ” 
resembles ‘‘ cordite,” but it is of lighter colour, inflammable 
but not explosive. The insulation of this substance was, at 
first, measured in the following way :—A thin circular sheet 
of celluloid was placed between two plane surfaces of brass 
11 inches in diameter. A margin of celluloid was allowed, to 
prevent leakage over the edges ; and a heavy weight was put 
upon the top plate. When this sheet was submitted to the 
action of a current, there was no such apparent increase of 
resistance as is usually to be observed with dielectrics. The 
galvanometer, in fact, indicated the reverse effect—the de- 
flexion gradually increasing with time. No actual fault could 
be detected in any of the samples, and yet the “electrification” 
was negative. This curious effect was the more to be noticed 
as the voltage of the testing-battery was increased. The 
actual insulation resistance, calculated for the same sample, 
with this apparatus, under various currents, showed that the 
resistance changed enormously with the testing voltage. 

In this case, and in all experiments here mentioned, the 
insulation has been computed from the deflexions obtained 
after the corresponding voltage had been applied for one 
minute. The upper readings correspond with increasing 
voltages ; the lower curve completes the cycle with diminish- 
ing voltages, and shows the falling-off of insulation with 
current, in a manner curiously like the hysteresis curve of 
iron. The observed values are given in Table I. 


TasBLEe I.—Celluloid Sheet. 


volts volts | volts | volts | volts | volts volts 
150 300 600 750 600 300 150 


Teac) — TASH! 85°38 | 5383 | 1810 | 605 152 45 
ee 20 89°3 | 554 | 1338 | 663 158 45 


Galvanometer 
Readings. 


Corresponding | 
Resistance = 
in megobins. J 
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This table includes the actual galvanometer-deflexions from 
which the insulation-resistance at each voltage was calculated. 
First and second minute readings are recorded, and exhibit 
very strikingly the apparently negative “ electrification,’’—the 
first-minute readings being less than the second-minute 
readings. 

A series of tests was made upon celluloid sheets pressed, 
in the above manner, between two plane surfaces of metal, and 
the same general features were observed in each case. As no 
definite fault could be discovered in any sample, I was led to 
suppose that the abnormal change in resistance, and the 
corresponding negative “ electrification,” were to be accounted 
for by some complex molecular rearrangement within the 
substance of the celluloid itself. Leakage over the edges 
might obviously be urged in explanation, but the conditions 
did not seem to allow of any serious loss in this manner. 
While employing unyielding metallic surfaces against the 
comparatively hard surface of the celluloid, the chances of 
uneven pressure upon the sheet were very great : which would 
imply uneven electrical contact between the dielectric and the 
plates. 

The next experiments were made with a view to test the 
celluloid in perfect contact with the opposed plates ; to remove 
all chances of leakage-error ; and to provide, at the same time, 
a more evenly distributed pressure over the surface. The hard 
metallic plates were therefore replaced by mercury surfaces 
which conformed precisely, and without undue pressure, to 
the sheet of dielectric ; and, at the same time, made perfect 
contact with it, leaving no air-spaces or spark-gaps where 
ozone or other gases might collect. 

Circular sheets of celluloid, 114 inches in diameter, were 
employed for these tests. To prevent leakage, a 83-inch 
margin was allowed all round, so that the working-surface in 
contact with mercury was 53 inches in diameter. The method 
of fixing the dielectric sheet was as follows :—Two flat ebonite 
rings, 54 inches internal diameter, and 65 inches outside, were 
faced on each side with india-rubber, forming insulating 
washers. These rings were placed exactly opposite each 
other, flatwise, one on each side of the sheet to be tested. 
Circular plates of iron were now laid against the outer faces 


158 MR. ROLLO APPLEYARD ON DIELECTRICS. 


of the rings, and combined to make two mercury-tight hollow 
boxes, one on each side of the dielectric. The whole was then 
gripped vertically in an ebonite vice ; after which mercury 
was poured in to fill the boxes. This apparatus, with the 
exception of the insulating rings, is the same as that designed, 
I believe, by Mr. Evers. The great advantage of the method 
is that the mercury conforms to the surface of the dielectric, 
leaving no air-spaces and necessitating no artificial pressure. 
The surface-leakage can be made as small as desired, by the 
simple device of leaving enough margin. Experiments made 
upon dielectrics fixed in this apparatus give results entirely 
different from those obtained with rigid metallic plates. 

A sheet of celluloid ‘071 inch in thickness was the first that 
came under trial. Its behaviour during a cycle of voltage 


from 150 to 1200 volts is represented in Table IT. 
TABLE II, 


Volts increasing. Volts diminishing. 
Voll || Fe cong stelle Sel eae renee 

150 82°7 1050 80:7 

300 82°3 900 810 

600 815 600 81-5 

750 81-2 450 82-0) 

900 80°8 300 82:3 
1050 80°6 150 82-7 
1200 80:6 


The curves practically overlap. The insulation falls some- 
what with the increase of voltage, but recovers its original 
value as the cycle is completed. There was no observable 
“electrification ”’; the first and second minute readings were 
in each case identical. 

The next sheet of celluloid tested was 6 mils in thickness. 
Here again there was no sign of “ electrification,” though’ 
there was a distinct diminution of insulation with voltage. 
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This sheet broke down at 1200 volts ; there is nothing in the 
curve to indicate that such a rupture was about to take place. 
These results are given in Table III. 


Tasxe III. 
Resistance 
Volts encreasing. in megohms. 

150 30°0 

300 29°6 

450 29-2 

600 28°4 

750 27°7 

900 26°8 
1050 26°0 
1200 Broke down. 


A third sheet, cut from the same specimen as the last, was 
then tested through a cycle from 150 to 1050 volts; it 
showed practically no hysteresis and no “ electrification,” the 
return values being simply reproductions of the rising ones. 
There is the same drop in insulation with voltage as in the 
previous tests, as shown by Table IV. 


TABLE IV, 
Volts increasing. Volts diminishing. 
Resistance Resistance 
Volts. in megohms. Vales in megohms. 
150 26°34 900 22°72 
300 25°56 750 23°48 
450 24-93 600 24°15 
600 24-15 450 24-93 
750 | 23°51 300 25°68 
900 22°72 150 26°52 
1050 21°89 


The same sheet was then tested between hard metallic 
plates, the results are indicated in Table IV. a. 
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TasnEe LV. A. 


j 
9m 


volts | volts | volts | volts |volts\volts| volts {voltsvolts! volts | volts | volts 


150 300 | 450 | 600 | 750/900} 1050 | 900/750; 600 | 450 | 300 


6 235 | 61:5 | 161 |278|156] 158 |186/127| 117-0] 95:0 | 3825 
Somes 23:7 | 640 | 171 |296/162] 162 | 189/129] 1185] 965 | 395 
megohms 


seeeee 


20,550 | 10440| 6047 | 3076 | 870| 283) 185. | 199 | 549| 1641 | 3915 | 6212 | 10720 


“Dielectric Hysteresis.” 


“ Dielectric hysteresis” is here alluded to in a sense which 
needs a little explanation. The similarity in shape and 
character between some of these curves and the well-known 
forms of the hysteresis curves of magnetism is all that I wish 
to imply,—it is not the phenomenon of “ dielectric hysteresis ” 
proper. In an article in the Llectrotechnische Zeitschrift, 
29th April, 1892, p. 227, Steinmetz traces the analogy be- 
tween a dielectric medium in an electrostatic field and 
magnetic bodies in a magnetic field, with a view to deter- 
mining whether the loss of energy in dielectrics, under the 
influence of an alternating electrostatic field, would follow a 
law similar to that which defines the magnetic losses due to 
magnetic hysteresis. The experiments of Steinmetz, and 
of Arno, have gone to show that the energy expended in a 
dielectric medium, in an electrostatic field of alternating 
potential, is sensibly proportional to the square-root of the 
intensity of the electrostatic field. These losses are due to 
“dielectric hysteresis”? proper, and are quite distinct from 
the mere change of resistance with voltage here described. 
The experimental results of Steinmetz should, however, be 
corrected for this other phenomenon of change, which, for 
the time being, we may call “ dielectric mutability,” or any 
other term which denotes the variation of resistance with 
voltage; for it is clear that the energy expended during a 
cycle of potential cannot rightly be calculated upon the basis 
of constant resistance assumed by Steinmetz. With this cor- 
rection, if it could be determined and applied to his results, 
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the observed valnes, notwithstanding their present close 
agreement with those calculated, may possibly be brought 
even nearer to conformity. 


“ Residual Charge.” 


The residual charge becomes a very small quantity a few 
minutes after breaking circuit; consecutive voltages can 
therefore be applied without having to wait very long for the 
practical disappearance of the last charge. In the above tests 
it was made a rule never to send a current into a sheet until the 
previous charge had vanished to within } per cent. Although, 
under these conditions, the charge is quickly got rid of, yet 
during the first few seconds the amount left in may be very 
considerable. Conversely, the celluloid takes up its charge 
comparatively tardily. If, for instance, an attempt is made 
to determine the capacity of the sheet, when in the mercury 
apparatus, by the simple discharge method, an eye which is 
accustomed to watching the “ throw ” of the galvanometer will 
at once observe that the needle is under the action of an 
extended discharge and not of a sudden impulse. When first 
this phenomenon was observed I carried out the following ex- 
periment :—The celluloid was charged from 20 cells for 15 
seconds. It was then discharged, not through the galvano- 
meter, but through the short-circuit key. After two seconds 
the short-circuit key was opened, and there was a discharge 
of a few degrees to the right—that is, in the “discharge” 
direction ; this fell in a few seconds across the zero to 5 
divs. on the left, where it remained perfectly steady. This 
curious reversal of sign was at first rather puzzling ; if the 
spot had merely fallen to zero, it would have been easy to 
refer it to complete loss of charge ; if it had fallen a little to 
the right of zero, it could have been attributed to incomplete 
loss of charge ; but falling, as it did, on the negative side of 
zero, a novel case was presented. 

After several repetitions, charging with various potentials 
up to as high as 900 volts, this reversal still manifested itself, 
although the time required to attain it was of course greater 
as the testing-voltage increased. Days and nights of short- 
circuiting would not wipe it out; whatever was tried, it 
remained always the same negative deflexion. It is, in fact, 
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an initial permanent H.M.F. of about ‘0006 of a volt with 
which nothing seems to interfere. It is apparently due to 
the contact of the mereury with the celluloid ; it did not 
appear when metallic plates were used. This point having 
been so far settled, the experiments on slow discharge were 
repeated with 100, 200, 400, and 600 cells ; the corresponding 
discharge-readings—after short-circuiting the sheet for two 
seconds in each case before discharge—were respectively 18, 
36, 57, and 80 divs., falling to zero, or very nearly to zero in 
a few minutes, and ultimately crossing the zero to —5. The 
discharge from a standard microfarad charged to 30 volts is 
11,103 scale-divs. The instantaneous discharge from the 
celluloid sheet (54 in. diam., ‘00615 inch thick) with the same 
voltage, was 115 divs., which is the mean of the two readings 
obtained by reversing the battery. The test can scarcely be 
regarded as a capacity test under the above conditions. It is 
recorded here simply to show the phenomenon of slow dis- 
charge, and the existence of the permanent initial .M.F. 


Gutta-percha. 

Appended are the results of some tests upon a sheet of 
pure gutta-percha, in the mercury apparatus, at high voltages. 
The thickness of this sheet was about 2 mils; the diameter of 
the circular mercury surface in contact with it, bounded by 
the insulating rings, was, as before, 54 inches. Curves drawn 
from the tabulated results exhibit the phenomenon of dielectric 
hysteresis, and show that the effect of the current, up to a 
certain point, is to increase the resistance ; there is a subse- 
quent tendency in the opposite direction, which would probably 
end in the breaking-down of the sample. There was no initial 
electromotive force to be observed with the gutta-percha. 

Four separate tests were made upon the sheet, two with a 
cycle commencing at maximum volts, and two commencing 
at the minimum. In each case, whether beginning at the 
maximum or minimum volts, there was a decided increase of 
resistance as the result of a cycle. With such a thin sheet as 
2 mils the test was a very severe one for the gutta-percha ; 
hence it is not surprising that the curves are somewhat broken. 


Two-thousandths of an inch of material is here effectively . 


contending against 1200 volts, and setting up a barrier of 
3000 million ohms over an area of 53 inches. 


ee 
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A very interesting point about these four tests is that when 
the cycle commences at maximum voltage the subsequent read- 
ings are far steadier, and the curve of resistance and voltage 
smoother, than when minimum volts are started with; this is 
clearly indicated by a comparison of the four curves which 
may be drawn from these tables. 

There is no absolute need to short-circuit the apparatus in 
order to remove the residual charge of the sheet ; but short- 
circuiting probably quickens the process. This is a matter 
for further experiment. It was found that the sample of 
gutta-percha completely lost its charge after twenty-four 
hours, whether short-circuited or not, and during that time it 
regained its normal condition as regards insulation resistance. 
Twenty-four hours was therefore allowed between each of the 
four tests upon the gutta-percha sheet. As a rule, about 
ten minutes’ rest was given between the consecutive voltages 
of individual tests; this was found to be time enough to 
practically discharge the sheet when short-circuited. 


TaBLE V.—Gutta-percha sheet (Gp). 
(Volts ¢ncreasing.) 


volts volts | volts volts | volts volts yolts volts 
150 300 450, 600 750 900 1050 1200 


unsteady unsteady) unsteady) steadier 


Loe 49°8 68'4 82 130 150 160 171 
gm unsleady 
"| 25°6 476 | 65:0 98 117 155 160 159 


2272 | 2384 | 2614~ | 2910 | 2290 | 2383™ | 2602™ | 2789™ 


pa. 


steady | 
126 100 73 535 38°90 24:5 PANY Le A 
126 | 100 7d 49-0 31-0 18-0 9-2 148 


8303 3572 | 4079 | 4459 | 4645 | 4845™ | 4961™ | 2805~ 


| 


Temp. =66° F. 
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Taste VI.—Gutta-percha sheet (Gp). 
(Volts diminishing.) 


volts volts volts volts volts yolts volts volts 
1200 1050 900 750 . 600. 450 300 150 
steady 
jm 171:2 137°6 1125 91°8 71:8 54:2 39 20:0 
Qn 166-0 135-0 RIES 89:5 68:0 49-0 34 17°7 
3290°= | 3510™ | 38670" | 8760~ | 8840~ | 3820 | 3h80> | 3470 
volts volts volts volts volts volts yolts 
300 | 450 600 750 900 1050 1200 
steady 
Im...) 38°5 53'd 69:5 84 100 118°5 145 
a little unsteady 
gm...) 338 48:0 64°5 81 98 9-0 1438 
SEy(Oe eBer > ecw |) 2st |. AuIBYOF= 4070~ 33800 
28rd April, 1894. Temp. =64°°5 FB, 
Taste VII.—Gutta-percha sheet (G). 
(Volts increasing.) 
yolts volts volts volts volts volts volts 
150 300 450 600 750 900 1050 
unsteady | unsteady | steady | steady | unsteady | unsteady 
TES sell QAR 85 84:5 100:0 1182 143 
Qn 21°6 54 71 80°5 94:5 118-0 139 
2960~- 1730™ 2280 | 8050~ | 382380~ 3260™ 3140™ 
volts volts volts volts volts volts volts | volts 
1200 1050 900 750 600 450 300 | 150 
a | ae -|—_ Be? ate | 
unsteady | 
jm 154 125 96°5 70°5 52°5 34:0 166, 
Qm 193 152 123 96:0 67:0 44:2 27:5 146 
3070~ | 2920~  8080~ | 33850™ | 3660 | 3690~ | 3760~ | 38920~ | 


24th April, 1894. 


Temp. =63° F, 
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Taste VUI.—Gutta-percha sheet (Gy). 
(Volts diminishing.) 
volts volts volts volts volts volts volts / volts | 
1200 1050 900 750 600 450 300 150) 4 
jm 231 143 99 68 50-0 376 | 25:8 13-0 
| DARE 187 13h 94 65 48:7 356 | 240 12:3 
| i 
— - SS | SS — 
162055 522905 | 2830 ~ + 3430 |-3720~ | 3700” | 357 | 3350 
| 
volts volts volts volts volts volts volts 
300 450 600 750 900 1050 1200 
| 
| a lee aE eee ee ee pee, pad Alin We 
jim ...| 256 a74 | 470 58 73 91 | 109 
2m 23°8 846 | 445 58 75 92 117 
3600™ 3720™ 38970~ 4020™ 3780™ | 3600™ | 3430” 


25th April, 1894. Temp. =62° F. 


The small opaque white spots, observed within the celluloid 
under the microscope, led to some further experiments to 
investigate the effect of isolated foreign particles within the 
substance and upon the surface of dielectrics. Coarse brass 
filings were scattered as thickly as possibie over one face of a 
warmed strip of gutta-pereha, 16 inches long, 2 inches wide, 
and }inch thick. The insulation of sucha strip is not exactly 
what might be expected ; when tested even with 750 volts its 
resistance was practically infinite, and was certainly greater 
than 600,000 megohms. A charged gold-leaf electroscope 
could not be discharged with such a strip in this condition. 
If, however, a wet cloth was passed once over the non- 
metallic face of the strip, or if it was simply breathed upon, 
the insulation fell to 5000 megohms, and the strip now easily 
discharged the electroscope. A round rod of gutta-percha 
can be warmed and rolled in a heap of brass filings so as to 
appear almost like a brass rod, and such a rod does not 
discharge the electroscope. This would be an instructive 
experiment for schools and instrument-makers. 


VOL. XIII. Ni 
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“Sensitive”? Dielectrics. 


The next experiments were made with rods formed of a 
mixture of gutta-percha and brass filings melted together in 
various proportions. The length of these rods was about 20 
inches, and their diameter 3 of an inch. Contact was made 
with the ends for about 14 inch by tin-foil which was bound 
round with wire. It is found that, for small proportions of 
brass filings, the resistance between the ends of these rods is 
exceedingly high, and this high resistance is maintained until 
about 2 parts, by weight, of brass are mixed with one part, 
by weight, of gutta-percha. Here a “ critical ”’ point of propor- 
tionality between the two substances occurs, under which the 
rods have a very low resistance, of something like one ohm ; 
and above which the resistance is exceedingly high, and can 
only be measured in megohms. Several rods were made at 
or near this “ critical’? point, and in no case could a medium 
resistance of, say, a few hundred ohms be attained. All the 
rods were either of very high or very low resistance. 

The method of making them is to warm a sheet of gutta- 
percha upon a hot plate, using French chalk to prevent 
sticking. The filings are sprinkled in as soon as the sheet 
becomes soft. The whole is then made up into a pudding, 
which is again flattened out into a sheet; this is repeated 
until a good mixture is arrived at. The compound is then 
rolled into rods, 

Table LX. gives the proportion by weight of these rods and 
the corresponding resistance. When rods made up in this 
way are submitted to the action of oscillating discharges, they 
behave in a similar manner to the “impulsion ” cells of Prof. 
Minchin and the tubes of M. Branly. If, for instance, one 
of the low-resistance rods of, say, four parts by weight of 
gutta-percha to nine of brass filings is connected to one arm 
of a Wheatstone’s bridge and balanced, an oscillatory dis- 
charge made anywhere near it will, in nearly all cases, pro- 
duce a considerable diminution of resistance—in some cases 
amounting to more than 10 per cent., and, in one experiment, 
to as muchas 45 percent. This charge remains until restored 
to the former condition of things by a slight mechanical tap. 
I have repeated this experiment upon seven different rods, 
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TaBuE IX, 


Proportion 
No. of Rod. pinout Approximate Resistance. 
Brass’ 
dP atc lean 4 *2 ohm. 
i eae eas ? tO LT, 
Rake te «She $ Fh Nate 
gee ee a + D. 
OP oe ices ee 2 @. 
6. : 283,000 megohms. 
erin iiiwree os 173,000 . 
| 8 a ate We) ufemraaest 4 ©. 
a 4 | 770 megohms. 
| 
Hl Oper cere 4 | *37 ohm. 
Meare si ate: 2 1:68 ,, 
Te eee os 4 | 19 ohms. 
Ee eee 4 SO) 5; 
11 Ooh ne tae et 4 48 ohm. 
swerve ore es 1:5 megohm. 


and have, in each case, obtained a diminution when the dis- 
charge-spark passed at the oscillator. The small-resistance 
rods of Table IX. were all sensitive to these electromagnetic 
oscillations. The high-resistance rods do not come within the 
range of measurement of the usual form of Wheatstone’s 
bridge; the ordinary insulation-test was therefore applied, 
using a battery of 400 Leclanché cells. In this way resist- 
ances up to 600,000 megohms could be measured. <A rod 
composed of 4 parts, by weight, of gutta-percha, to 7 parts of 
brass filings had practically infinite resistance. Another, 
having 2 parts, by weight, of gutta-percha to 3 of brass, had 
100,000 megohms. A third, made up in the ratio of 4 parts 
gutta-percha to 7 of brass, was of infinite resistance. Four 
rods were made in the proportion 1 gutta-percha to 2 of brass, 
N2 
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which is near the critical ratio of conductor to insulator ; 
their resistances were, respectively, », 40 megohms, and 12 
ohms. The ‘17-ohm rod exhibited a decided, but not very 
great diminution of resistance under the influence of the oscil- 
lees Apparently, the high-resistance rods are unaffected by 
the discharges. The 40- megohm rod was not of very con- 
stant pecstanee. the spot eored up and down the scale ; the 
spark had therefore to be passed at moments when the spot 
halted,—the result was not very satisfactory. At one time it 
was thought actually to increase the resistance of this rod. 
The 12-ohm rod was especially interesting from its extreme 
sensitiveness ; in one condition it had a resistance of 19 ohms, 
the sudden passage of a spark at the oscillator reduced this 
by 45 per cent. The rod was generally unstable. The 40- 
megohm rod seemed the one most nearly corresponding, in its 
galvanometer- readings, with a faulty cable ; the readings being 
erratic. Its resistance has, at times, been as high as 770 
megohms. This rod is probably FAR eNG in some opposite 
direction to the 12-ohm rod; they were both made in the 
same proportions and in the same manner. In Table 1X. 


they appear as No. 9 and No, 12 respectively. 


Alternating Voltages. 

Tests were now made upon specimens submitted to alter- 
nating currents, and I have to thank Mr. George Bousfield 
for assisting me in this part of the experiments. I took the 
strip sprinkled with filings, and two rods; these were first 
tested for insulation in the ordinary way, with the following 
results :-— 

Dielectric. Resistance. 
Strip) ieo. 
No. 6 = 283,000 megohms. 
No.9 = 47:2 megohms. 

The strip began to break down under the action of the 
alternating current at 900 volts ; at 3000 volts it was emitting 
small local ares, some crimson, others violet. After the 
application for some time of this high voltage the number 
and brilliancy of the arcs diminished,—the insulation had 
apparently improved. At 5500 volts there were bright dis- 
charges similar to the first. These were not of the nature of 
long ks out of small local ares, 
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Rod No. 6 gave way at 6500 volts and exhibited the same 
apparent improvement in insulation. The ares shot out in 
miniature flames, like very small blowpipe blasts; locally, as 
in the case of the strip. 

With rod No. 9 sparking commenced at 1500 volts, having 
the appearance of small beads of crimson and violet light 
burning themselves out at fixed points. When these speci- 
mens had become cool their insulation was again tested. 

Dielectric. Resistance. 
Strip = 0. 
No. 6 = 70,750 megohms. 
No.9 = 2020 megohms. 


The strip thus appears to have recovered entirely. No. 6 
has fallen to a quarter of its first value, and No. 9 has greatly 
improved, under this trying ordeal. 

Rod No. 15 was compounded of iron filings, Sr, &., with 
a view to obtaining a brilliant discharge. The salts brought 
the insulation down rather low ; there was a great deal of 
heat generated, and little else. Such a rod should probably 
be made simply of metallic powders intermixed with the 
dielectric. 


Discussion. 

Mr. Enricut asked questions as to the electrification of 
gutta-percha, and the bridge-connexions in the resistance 
tests of the semi-conducting rods respectively. 

Mr. Cuartes BricHt said the curious phenomenon, in 
Mr. Appleyard’s experiments, of the dielectric resistance of 
gutta-percha strip remaining much the same when brass 
filings were pressed on to its surface, is, of course, most 
interesting. These filings, as I understand, had no appre- 
ciable effect electrically until a certain quantity were incor- 
porated, when the resistance suddenly broke down and, in 
fact, soon gave good conduction. The explanation of this 
fact is presumably that as long as the metal filings are not 
sufficiently closely packed to be touching one another, they 
take no material part in the conduction of electricity through 
the gutta-percha, but when once they touch one another 
sufficiently closely, the conduction (or, resistance) of the 
gutta-percha sheet becomes practically that of the brass. 
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XVI. Note on the Behaviour of certain Bodies in presence 
of Electromagnetic Oscillations. By Prot. G. M. Mincaiy, 
M.A* 


Tux question of the employment of impulsion-cells, metallic 
films, and bodies of similar behaviour, for detecting the nodes 
&c. of electromagnetic vibrations, has frequently been raised ; 
and the reading of Mr. Appleyard’s paper on rods formed of 
a mixture of gutta-percha and metallic filings offers an 
opportunity for a few remarks on the subject. 

So far as experiment has gone hitherto, it does not seem 
possible to use these bodies for detecting nodes; and the 
reason is simply this—that the physical states of the bodies 
in question are too variable to admit of the observation of 
any constant régime. 

T have lately made a few observations on films and metallic 
surfaces formed by imbedding fine metallic powders in thin 
layers of gelatine, shellac, and sealing-wax spread on plates 
of glass, in continuation of the work described and experi- 
mentally illustrated at a previous meeting of the Physical 
Society ; and the results are, briefly, as follows :—If we put 
in the circuit of a battery and a galvanometer a surface 
formed by fine metallic powder imbedded in a layer of 
sealing-wax, we find that this surface (although, to the eye, 
a continuous surface of metal) is a non-conductor. Indeed, 
if the electrodes connected with this surface are also con- 
nected with an electrometer, we find that this surface has an 
infinite resistance. Now if feeble electromagnetic oscillations 
are produced in the neighbourhood of the non-conducting 
surface, it will refuse to respond and remain a non-conductor. 
Let the field round the surface be greatly increased, or let 
one of the electrodes be actually touched by a charged body : 
then the surface becomes a conductor. Let its conductivity 
be now destroyed (by breaking the contact of the surface 
with the electrode, for example, as described in my previous 
paper), and it will be found after this to respond very 


* Read as part of the discussion on Mr, Appleyard’s paper on 
Dielectrics, May 11, 1894, 
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easily to the actions which previously produced no effect 
upon it. In other words, once we have succeeded in driving 
a current through the metallic-powder surface, it responds to 
very feeble electromagnetic impulses, whereas tt previously 
failed to respond to strong impulses. 

When the contact of the surface with the electrode is 
broken and then almost instantly re-made, the behaviour of 
the surface depends on certain things. Firstly, if the metal 
powder forming the surface is embedded in gelatine which 
retains some plasticity, the breaking of the contact is fatal 
to the conductivity of the surface : the surface rapidly reverts 
to the non-conducting state. Secondly, if the substratum 
of the metallic powder is a hard substance like sealing-wax, 
and if the electromagnetic impulses received by it have been 
strong, the surface will remain a conductor for a long time— 
possibly for 24 hours or more. But if the impulses to which 
it has been subjected have been small, and the conductivity 
consequently small, the surface rapidly reverts to the non- 
conducting state, less than a minute’s breaking of contact 
sufficing to re-establish insulation. 

Again, surfaces with a hard-set substratum (like sealing- 
wax) are scarcely, if at all, sensitive to mechanical impulses. 

A series of experiments made with a particular surface 
gave this as an almost invariable result—if the surface is in 
the non-conducting state, anda feeble electromagnetic field is 
produced round it, it becomes a conductor ; but if, while it 
is conducting, a strong field be produced round it, its con- 
ductivity is destroyed. I have no doubt that a law of this 
kind holds for all such bodies; the nature of the change 
produced in them depends either on the amplitudes or on 
the frequencies of the incident impulses ; but, in order to 
verify it, we should be able to deal with a film which from a 
definite state of non-conductiveness changes always to a 
definite state of conductivity ; and this has been, so far, 
impossible. 

It may be well to give a numerical illustration of the 
change of resistance produced in a film. Thus, when the 
electrodes touching a tin-powder surface were two platinum 
wires the extremities of which were. rounded in an oxy- 
hydrogen flame, and the length of the film in a right line 
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between them was about 1 centim., the resistance of the 
surface varied from o to about 130 ohms. This resistance 
was measured by connecting the poles of a quadrant electro- 
meter with the above platinum electrodes, while the current 
of two Leclanché cells was passing through the galvanometer 
and metallic surface, and reading the difference of potential 
indicated by the electrometer. 

Of course this assumes that no E.M.F. is set up in the 
film by the electric impulse which rendered it a conductor— 
an assumption the truth of which was verified by using a 
key which suddenly threw the battery out of circuit and 
inserted the electrometer instead. Not the slightest H.M.F. 
in the film could be detected. 

I must, however, repeat what I have previously stated 
concerning the nature of an impulsion-cell—viz., that, while 
in the case of films and M. Branly’s tubes of metallic filings 
the whole phenomenon relates merely to changes of resist- 
ance, this is not the case for an impulsion-cell. The current 
of a single Minotto can pass through the impulsion-cell both 
in its state of insensitiveness to light and in its state of 
sensitiveness. 

It may be natural to conjecture that iron powder might 
present some striking difference from those of other metals ; 
but, forming surfaces with the magnetic oxide of iron, I was 
not able to detect any special characteristic of such surfaces. 

The behaviour of all these bodies in very weak fields and 
in very strong ones is a matter which requires working out. 


XVI. The Passage of Hydrogenthrough a Palladium Septum, 


and the Pressure which it produces. By WitutAM Ramsay, 
ELES. 


Iv has been frequently cited as an argument in favour of 
attributing the osmotic pressure exercised by a substance 
in dilute solution on the walls of a yessel permeable to the 
golvent but not to the dissolved substance, that if a vessel 
were constructed of palladium, which, as Graham’s researches 
showed, is permeable to hydrogen, but not to many other 


* Read May 26, 1894, 
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gases, such a vessel would be subjected on its interior walls to 
a high pressure if it were filled with an indifferent gas and 
exposed on its exterior to an atmosphere of hydrogen. The 
gas confined in the vessel, not being able to escape, would 
exert the pressure at which it was allowed to enter ; while 
the interior of the vessel would be a vacuum to hydrogen ; 
and as its walls are permeable to hydrogen, pressure should 
rise by passage of hydrogen into the interior, until the pres- 
sure of the hydrogen on the interior walls became equal to 
that on the exterior walls. The effect of this would be to 
superadd the pressure of the hydrogen to that of the gas 
originally contained in the vessel ; and if it be supposed that 
the vessel was originally filled at atmospheric pressure, the 
entry of hydrogen should increase that pressure by another 
atmosphere, providing the hydrogen surrounding the exterior 
walls of the vessel be at atmospheric pressure. 

It has been suggested that when pressure is raised by the 
passage of water into the interior of a celi with semiper- 
meable walls containing a solution, the rise of pressure is 
due, not to the pressure exercised by the molecules of the dis- 
solved substance, but to that produced by the entering water. 
Gases present us with an exactanalogy. It is idle to inquire 
what causes the rise of pressure in the interior of such a palla- 
dium ‘cell.’ The total pressure is due to the hydrogen and to 
the gas with which the cell was originally filled ; the original 
pressure has undoubtedly been increased by the entry of 
hydrogen. Buta portion of the pressure—and the effective 
portion, from the point of view of osmotic pressure—is due to 
the original gas, whether nitrogen, carbon dioxide, or any gas 
whatever to which the cell-walls are impervious, and which 
is not chemically attacked by hydrogen. It is therefore quite 
correct to ascribe osmotic pressure to the dissolved substance, 
although it is apparently produced by entry of solvent. 

The experiments to be described were made with the object 
of submitting this entry of hydrogen through the walls of a 
palladium cell to quantitative study. After considerable 
progress had been made, a paper by A. Biltz (Zedtschr. f. 
phys. Chem. ix. p. 152) was published, describing lecture- 
experiments devised to show the ordinary diffusion of gases 
without a septum, diffusion with a leaky septum of porous 
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earthenware, and also diffusion with a semipermeable septum, 
permitting the passage of hydrogen, but hindering the 
passage of other gases. Biltz employed for the last-mentioned 
purpose an iron tube, and made a few rough quantitative 
measurements ; but he does not appear to have continued 
any experiment long enough to obtain a maximum pressure, 
nor was his apparatus designed with the object of quan- 
titative measurement, but only for the purpose of class 
demonstration. 


Description of Apparatus. 

The apparatus which was employed is represented in the 
accompanying woodcut. 

AB is a tube of platinum, the 
top portion of which, at A, is 
of palladium and closed at its 
upper end. At B the platinum 
tube is sealed or cemented on to 
a glass tube ©, with a lateral 
branch, represented in the figure 
as drawn off and closed. Some- 
what lower down, the tube is 
sealed to a capillary D, on which 
graduations are etched. The 
tube then widens to a bulb, and 
is finally connected by thick 
flexible tubing to a reservoir of 
mercury H. 

The palladium tube is sur- 
rounded by a glass tube F, also 
provided with a lateral exit at 
G, and fitting tightly into a 
jacket H, which may be heated 
by boiling the liquid in the 
bulb I. A gas, passed in at F, would thus surround the 
palladium tube and escape at G; or if heavier than air, if 
introduced at G it would escape at F. The palladium cell 
could be heated to any desired temperature by choosing an , 
appropriate jacketing vapour. The whole apparatus stood in 
front of a glass mirror-scale, on which the level of the 
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mercury at D and E could be read off. It. was possible to 
read to one tenth of a millimetre, but such accuracy of 
reading was generally unnecessary. 


Description of an Experiment. 


A clip was placed on the india-rubber tube joining D and 
E, and the side-tube C, which at this time was open, was 
connected with a reservoir of some gas, e. g. of nitrogen, by 
means of a three-way tap. The palladium tube was pumped 
empty, and then filled with dry nitrogen ; the operation was 
repeated ten times, so as to ensure absence of air. The 
nitrogen was finally allowed to enter the apparatus under 
slight pressure, and the side-tube C was sealed. The liquid 
in I was then boiled so as to jacket the tubes F and A, and 
the clip on the india-rubber tube was opened. When the 
temperature had become constant, the reservoir of mercury 
E was brought approximately to a level with a mark on the 
capillary tube D, and the capillary tube at C was broken. 
Gas then escaped through C until the pressure in the tube A 
became equal to that of the atmosphere. The capillary point 
was again sealed. An accurate reading was then taken, the 
mercury reservoir being placed so that an exact volume 
of gas was contained in the palladium cell under a known 
pressure. 

Hydrogen carefully purified by washing with potassium 
permanganate, silver nitrate, and caustic potash, and dried by 
passage through sulphuric acid and over phosphorus pent- 
oxide, was then passed in through the tube F, escaping at G. 
Pressure rapidly rose in the interior of the apparatus, and 
was measured by raising the mercury reservoir. When it 
had attained its maximum a reading was taken, the position 
of the mercury in the capillary stem being so adjusted that 
the capacity of the cell was accurately the same as at the 
commencement of the experiments. The difference between 
the initial and final pressure is due to entry of hydrogen. 

The success of such experiments depends on the condition 
of the palladium. After having been used once or twice the 
interior of the palladium tube became coated with mercury, 
even although the level of mercury (which was cold) lay far 
below the palladium top. It appears that. palladium absorbs 
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mercury-vapour with avidity, thus rendering the palladium 
cell a partial vacuum to mercury-vapour. Vapour rises from 
the cold mercury to restore pressure, and is again absorbed. 
It was therefore necessary to heat the palladium tube after 
each experiment in order to expel mercury. This had the 
effect of oxidizing the palladium and of covering it with a 
brownish-black film. To remove the oxide, the tube was made 
the negative pole of a battery, and dilute sulphuric acid was 
electrolysed, both on the inside and outside of the palladium 
tube. It was then dried at a low temperature ; the external 
surface was polished with a little dry emery ; the tube was 
cemented into its place, and was ready for a fresh experiment. 
Without such precautions the passage of hydrogen is very 
slow and incomplete. It should be mentioned that before 
commencing an experiment it was necessary to jacket the 
palladium tube at 220° and to pass a current of air over it for 
some time. In this way the combined hydrogen was removed; 
hydrogen escaped from the exterior of the tube and was 
replaced by air or some other gas in the interior. 


Account of Experiments. 


The experiments admit of classification under five heads:— 

1. Experiments with the tube filled with air. ; 

2. Experiments with the tube filled with nitrogen. 

3. Experiments in which the hydrogen passed over the 
exterior of the tube was diluted with nitrogen or other gases, 
when it exercised only a partial pressure on the exterior 
walls of the tube. 

4, Experiments in which the palladium tube was filled with 
other gases. 

5. Experiments with a nickel tube and carbon monoxide. 

Experiment 1.—The tube was filled with air and jacketed 
with bromonaphthalene, boiling at about 280°. The baro- 
metric pressure during the experiment was constant at 743°1 
miJlim. On passing hydrogen for three hours the pressure in 
the palladium cell had become constant ; the rise of pressure 
was 573 millim. 

Water appeared on the surface of the mercury in the capil- , 
lary tube, showing that the hydrogen had combined with the 
oxygen of the air. The rise of pressure measured should 
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therefore have been that of the nitrogen remaining in the 
cell, viz 585 millim. 

It may be concluded, then, that hydrogen combines with 
oxygen in presence of ealladiaan at 280°, and that the residual 
nitrogen exerts nearly its partial pressure; or, as will be 
after rards shown to be a more correct statement, the nitrogen 
exerts its full partial pressure, and the hydrogen in the interior 
exerts a large fraction of the pressure of the external hydrogen. 

Experiment 2.—The tube was filled with pure dry nitrogen, 
and exposed to hydrogen, as before, at the same temperature. 
The pressure, after it had become fairly steady, was 703°2 
millim. in excess of that of the atmosphere (7481 millim.). 
The hydrogen was next removed by passing a current of air 
over the exterior of the tube, and the pressure was again 
raised by a current of hydrogen. After about three-quarters 
of an hour the pressure was 699°8 millim. in excess of that of 
the atmosphere, a quarter of an hour later it was 721°1 millim., 
and in another quarter of an hour it had risen to 733-0 millim. 
It appeared then to be stationary. The barometric pressure 
was still 748°1 millim.; it therefore appears that the pressures 
of the hydrogen on the exterior and interior of the palladium 
tube were nearly equal. 

It was noticed during these experiments that when the gas 
was changed the pressure invariably fell a little on admitting 
hydrogen and rose a little on admitting oxygen; the direction 
of the pressure then changed, and the usual rise with hydrogen 
and fall with air occurred. I think that this is to be attri- 
buted to the fact that the palladium vessel increases its capacity 
suddenly on exposure to hydrogen, and decreases it on ex- 
posure to air after having been exposed to hydrogen. But 
the total change of volume j is a very minute one ; it is notice- 
able only by the rise or fall of the mercury in the capillary 
tube to the amount of one or two millimetres ; and the total 
change of volume is certainly less than 0:1 per cent. of the 
capacity of the vessel. 

Experiments 3, 4, and 5.—The next three experiments gave 
readings much lower than those previously obtained. The 
barometric reading was 748°6 millim. The rise in experi- 
ment 3 was 650°3 millim. ; in experiment 4, 654°2 millim. ; 
and in experiment 5, 657°8 millim. 
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This led me to suspect that the palladium tube had under- 
gone alteration. It was therefore disconnected and cleaned 
as before described. It was finally filled with nitrogen. 

Experiments 6, 7, 8, 9, and 10.—The barometric pressure 
was 770°2 millim. The final pressure in experiment 6 was 
698°5; in 7, 692°1; in 8, the barometric pressure being 768°8 
millim., the final pressure was 686°4 millim. In experiment 
9, with a barometer-reading of 762°2 millim., the reading 
was 692°4 millim.; and in 10, the barometer-reading being 
759°2, the pressure was 688°4 millim. 

To summarize these results it is necessary to compare the 
pressure of the internal hydrogen with that of the external 
hydrogen. The following table gives their ratios :— 


Experiment. (1) (2) (3) (4) (5) 
Ratio... . 0°9400 0:9798 0:8687 0:8739 0°8780 


Experiment. (6) (7) (8) (9) (10) 
Ratio... . 0°9069 0°8986 0°8928 0:9084 0:9067 


These results do not exhibit any great degree of constancy, 
but I am sure that their difference depends largely, if not 
wholly, on the state of the surface of the palladium. The 
mean result is 0°9053, a number closely approximating to 
the last five determinations. This would lead to the con- 
clusion that the pressure of the internal hydrogen rises to 
rather more than 4%5 of the pressure of the external hydrogen 
at 280°. 

Experiment 11.—The temperature was now kept at the 
boiling-point of quinoline (about 237°). The passage of hy- 
drogen through palladium is so slow at this temperature that 
patience failed me to make more than one determination. It 
was begun on May 4th. On May 10th pressure was still 
rising, but very slowly. On May 11th it had reached 501-7 
millim. ; on the 13th it was 525°2 millim., and on the 14th 
531°2 millim. Taking the figure actually read, the fractional 
pressure (barometer = 766°3 millim.) was 0°6932. Judging 
from this experiment, the pressure would appear to depend on 
the temperature of the palladium and of the hydrogen. Still, 
it is possible that had the experiment been carried on sufficiently _ 
far, the pressure might have risen much higher, ‘ 


HYDROGEN THROUGH A PALLADIUM SEPTUM. 179 


Experiment 12.—The next set of experiments was made at 
a higher temperature—that of the boiling-point of dibenzyl- 
ketone (335°). The pressure registered at a barometric 
height of 758°7 millim. was 681:°6 millim. The ratio is 
0°8984, practically identical with that obtained at the boiling- 
point of bromonaphthalene. 

Experiments 13, 14, and 15.—The hydrogen in these experi- 
ments was mixed with 50 per cent. of nitrogen, so that the 
exterior of the palladium tube was exposed to a partial 
pressure of hydrogen. The first of this set gave a pressure 
of hydrogen of 367:9 millim., the barometer standing at 
770°9 millim. ; the second, 352°9 millim., barometer at 771°8 
millim. ; and the third 362-7 millim. at the same pressure. 

Experiment 16 was made with a mixture of one volume of 
hydrogen to three of nitrogen ; the read pressure was 176°7 
millim., the barometric height being 756°5 millim. 


The ratios are :-— 

Experiment. 13 1 eas 

Ratio. ... O-4771 0:°4573 0°4700. Mean 0°4681. 

Experiment 16: Ratio 0°2336. 

Multiplying the first mean ratio by 2, and the second by 
4, the products are comparable with that from pure hydrogen. 
The figures are :— 


Pure hydrogen. . . 2 2s + 08053 
Hydrogen + 50 p.c. Curieee 2 come O-OS862 
Hydrogen+75 p.c. nitrogen . . . 0°9544 


The pressure, as might have been anticipated, is propor- 
tional to the partial pressure of the external hydrogen. 

It is obviously possible to test the percentage of hydrogen 
in coal-gas by this means, provided the other constituents of 
coal-gas are unable to pass through palladium, An experiment 
with marsh-gas showed that it is not capable of permeating 
palladium ; and the vapour of ether is also unable to pass. 

Experiments 17 and 18.—At 280° the pressures with a 
sample of London coal-gas were 364-4 millim., at a barometric 
pressure of 760°4 millim. ; and 861°8 millim. a a barometric 
pressure of 761°5 millim. The ratios are 0°4792 and 0°4751 

respectively. Supposing the highest attainable ratio to be 
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0:9053, as deduced from the ten experiments with pure 
hydrogen, the percentage of hydrogen is easily found by the 
ratios (0'4792 x 100)/0 9053, and (0°4751 x 100)/0°9053. The 
numbers are 52:94 and 52°49 per cent. respectively. It would 
be possible thus to have a continuous register of the percentage 
amount of hydrogen in coal-gas, provided the palladium did 
not alter its state. As itis, lam afraid that the apparatus 
will not retain its activity for a sufficiently long time. It 
should also be remarked that it is necessary to wash the coal- 
gas with a solution of potassium permanganate, in order to 
free it from sulphur compounds. If this precaution is not 
taken, the palladium becomes coated with a layer of sulphide, 
and it ceases to be permeable to hydrogen. 

Experiments were next made in which the palladium tube 
contained various gases. 

Experiment 19.—The tube contained carbon dioxide. On 
exposing it to hydrogen at 280° the pressure rose with great 
rapidity—much more rapidly than had previously been 
observed. The rise ceased at 735 millim., the barometric 
pressure being 7640. The quotient is 0°9621, a higher 
number than any yet obtained. 

Hperiment 20,—Carbon monoxide was in the interior ; the 
pressure rose rapidly on admission of hydrogen to 734:5 
millim., the barometer reading 769°5. The quotient is 0°9545, 
also a very high number. In both of these experiments the 
fall on passing air over the exterior of the tube was much 
slower than the rise with hydrogen. The end point was 
difficult to note, for the last change of pressure was very 
slow. It may be that the exterior surface of the palladium 
being exposed to hydrogen alone, little difficulty was experi- 
enced in molecules entering; but that on reversing the 
action, the contact of hydrogen with the interior walls was 
interfered with by the indifferent gas present. The same 
phenomenon had previously been noticed, but in a minor 
degree. It is noteworthy that no trace of water was formed 
in either case. Hydrogenized palladium is without action on 
carbon monoxide or dioxide at 280°. 

Experiment 21.—The tube was filled with cyanogen. The 


total pressure was 741 millim., the barometer standing at ; 


764°5 millim. The quotient is 0°9693, a very high number. 
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1. Pure Water. F. Kohlrausch and A. Heydweiller. 
(Wied. Ann. 53. pp. 209-235, 1894.)—The conductivity of water 
in contact with the air never sinks below 0-7 x 10-1 If distilled 
ww vacuo, the minimum is 0°25 x 10—!, always at 18° C. Using 
one of the two glasses employed ten years ago, and kept full of 
water since, F. Kohlrausch and Heydweiller observed the minimum 
0:04 x 10-10, The paper describes the recent researches, and con- 
tains several novel points. Certain glasses gradually become 
insoluble in water. Remelted ice has a lower conductivity, but an 
already pure water can hardly be improved in this way. A natural 
ice-water gave only 0°2x 10-19; the conductivity of the original 
water could hardly have been less than 300. There is no discon- 
tinuity at 0° or 4°. The determinations were made with a sort of 
Thomson mirror-galvanometer, 16 chromic-acid cells, and current- 
impulses of less than 0-1 second, whose directions were occasionally 
changed. No polarisation was observed, nor did the resistance 
vary under pressures from 4 to 120 volts, so that Ohm’s law re- 
mains valid for pure water. Quite unexpected was the observation 
that longer current-impulses increased the conductivity by as much 
as 100 per cent. There was a slow return to normal, accelerated 
by agitation. Reversal of the current first created an increase, 
soon followed by a decrease. The cause of this peculiarity is pro- 
bably to be found in decompositions starting from the electrodes, 
as in Lehmann’s experiments. The conductivity of pure water is 
remarkably influenced by the temperature, the temperature-coeffi- 
cient being at 50°C. six times as great as that of dilute solutions. 
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This should be so according to the dissociation theory, and was 
predicted by Arrhenius. With the help of van’t Hofi’s formula, 
the authors eliminate the influences of the impurities, and arrive 
at the value 0:036 x 10-10 for the conductivity of pure water. ‘The 
impurities of this best water would not amount to more than a few 
thousandths of a milligramme in one litre. At 18°, one cubic 
metre of water would contain 0-8 mg. of dissociated hydrogen, at 
100°, 0°85 mg. ; enough in the authors’ opinion to assume milliards 
of atoms in one cubic willimetre at wave-lengths’ distance apart— 
hence the validity of Ohm’s law. ‘A postscriptum mentions that 
newer researches of Ostwald, Arrhenius, Wijs, lead to dissociation 
values of the same order. His 


2. Change of Volume at Melting. M. Toepler. (Wied. 
Ann. 53. pp. 343-378, 1894.)—Toepler pours the tused substance 
into a strong test-tube under oil, seals a capillary tube into the 
narrow neck, empties while heating and cooling until all air is 
expelled, and surrounds the dilatometer with a glass cylinder 5 cm. 
in width, The vertical rise in the expansion curve (often a straight 
line) from or to the melting-point gives the change of volume, 
which he expresses in ¢. c. per gramme of substance, calling this 
coefficient k. When the rate of increase of expansion is not 
constant, as in the case of potassium, the vertical rise is difficult 
to trace. The described dilatcometer was used for Na, K, Kb, Sn, 
Bi, Tl, and for 8 and Se, whose allotropic modifications were more 
carefully studied. In general, Toepler does not aim at extreme 
accuracy. The oil indicator was not applied for I, Br, Zn, Pb, Te. 
Some metals, Sb, Cd, Al, were melted in an iron block with a 
U-shaped bore-hole fitted with a tubular neck. The liquid metal 
was allowed to rise a little above the margin; the excess was then 
scraped off, and the depression afterwards determined. The data 
suffice to demonstrate a marked similarity between the atomic 


volume-curves, and the curves combining this coefficient and the 
atomic weights. Hob. 


3. Effect of External Pressure on Saturation-Pressure of 
Vapour. WN. Schiller. (Wied. Ann. 53. pp. 396-400, 1894.)— 
This explains a method of showing the influence of a curved liquid 
surface or of an electrostatic field on the saturation-pressure of a 
vapour. A liquid and its saturated vapour, enclosed between two 
moveable pistons of a vertical cylinder, would be in equilibrium 
under an inward pressure on both pistons equal to that of the 
vapour if the separating surface is flat and weight is ueglected. 
If the surface is curved and consequently an inward pressure q is 
produced on the liquid at the surface, equilibrium will be main- 


tained by additional inward pressures X,, X, on the lower and 
upper pistons such that 


X du, + X,dv,+ goa $0, 
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where each displacement is positive in the direction of the corre- 
sponding pressure, and 


(dv + dx,)/6 = (du —dx,)/s, 


er 80v,+o6x,+(s—o)dx=0, 
where s, o are the specific volumes of the vapour and liquid : 
whence X,=4qs/(s—o), X,=qa/(s—o). 


Thus the vapour-pressure over a curved surface is greater than 
that over a flat one by go/(s—e), and g=+T(1/r+1/r'), where 
the upper or lower sign is to be taken according as the curvature 
is convex upwards or downwards. With an electrostatic field of 
strength R at a point of the surface where the potential is ¢, 


q= (09/0n)(K' — K)?/82K' — R°{(K' —K)/8r-+ 6/2}. 


Further, if there is mixed with the vapour a gas producing a 
partial pressure p, the vapour-pressure must thereby be increased 
by po/(s—e). R. E. B. 


4. Repeated Fusion of Lead-Tin Alloys. B. Wiesengrund. 
(Wied. Ann. 52. pp. 777-792, 1894.)—Wiesengrund used a cru- 
cible of thin sheet-iron, 50 mm. high, 25 mm. wide below, 45 mm. 
above, cevered with a lid, and suspended in a double shell. During 
cooling the crucible was charged with dry hydrogen. The specific 
gravities of the twelve alloys, all of atomic proportions varying 
between Pb,,Sn and PbSn,,, were all found lower than calculated ; 
PbSn,, which seems to be a chemical compound, differed most. 
Three series of observations were made :—I. Six alloys were re- 
fused 10 times without stirring. II. All twelve were refused 24 
times, and agitated after each third time. ILI. The process of II. 
was interrupted for weeks and months. The alloy PbSn, alone 
had a constant melting-point, at which it solidified again, 183° C. 
The melting-points of the others rose gradually (by about 1° C.), 
whilst the solidification-points approached 183°. The more tin 
the mixture contains, the higher lies the point at which the ther- 
mometer remains stationary for some time. This temperature did 
not vary by more than 1° for each particular mixture. The author 
draws a parallel between alloys and solutions, regarding the Sn as 


solvent. feb. 


5. Fracture under Stress and Strain. W. Voigt. (Wied. 
Ann. 53. pp. 43-56, 1894.)—The question has been raised whether 
fracture is determined by a limiting strain, or limiting stress; to 
settle this, the author made experiments on the tenacity of rock- 
salt prisms when subjected to a longitudinal tension —X, and a 
simultaneous lateral pressure Yy and Z,. The specimens, which 


were moderately uniform, were stretched by a spring, inside a 
B2 
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vessel which could be filled with carbon dioxide at 60 atmos., to 
produce the lateral pressure. Results :— 


—X,=580 gms. per sq. mm. when Lit id 
-~X = 40 Ms a Y= Z,=520. 


So that the tension applied by the spring = —X,+Yy, is nearly 
the same in the two cases. It follows that neither a definite stress 
nor strain characterises the fracture. A positive conclusion was 
not arrived at, but the author suggests 


—X,+a(¥,+Z) 


as the criterion, where a is a constant, in this case nearly 3. 
Rk. A. L. 


6. An Automatic Mercurial Air-Pump. G. W. A. Kahl- 
baum. (Wied. Ann. 53. pp. 199-209, 1894.) —The pump 
described requires the use of an auxiliary air-pump. The mercury, 
after having fallen, is sucked—mingled with columns of air—up a 
tube, falls into the longer arm of a sort of U-tube, and passes from 
the extremity of the shorter arm, through air-traps, into the air- 
pump proper. A drying-bottle containing phosphoric anhydride 
is interposed between the water-pump and the remainder of the 
apparatus. A vacuum under 0:000003 millim. has been ob- 
tained; appended are facts concerning the efficiency, maker, and 
price. Aes 


7. Elasticity. W. Voigt. (Wied. Ann. 52. pp. 536-555, 
1894.)—A mathematical memoir, showing the results of assuming 
that the elastic potential includes, in addition to the usual terms 
involving the deformations in the second degree, others of the 
third degree. . cw VR Oe 


8. Vortew Motions in Air, G. Quincke. (Wied. Ann. 52. 
pp. 607-608, 1894.)—Drops of oil made heavy by the addition 
of chloroform fall vertically in free water, but describe a sinuous 
path near the wall of the vessel, alternately approaching and re- 
ceding from it. Two drops falling side by side will influence each 
other in the same way. These motions are produced by vortices 
in the water. Similar motions are exhibited more strikingly by 
soap-bubbles inflated with coal-gas and ascending in air. The 
plane midway between the two drops or bubbles is a plane of 
symmetry, and is not affected by the vortices. E. E. F- 


9. Freezing-Point and Osmotic Pressure. ©. Dieterici. (Wied. 
Ann. 52. pp. 263-274, 1894.)—The continuation of a discussion 
between the author and Arrhenius on the extent to which a 
proportionality exists between the lowering of the freezing-point 
of a solution and the osmotic pressure. Sas: 


a 
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10. Absorption of Hydrogen by Water and Aqueous Salt Solu- 
tions. P. Steiner. (Wied. Ann. 52. pp. 275-299, 1894).— 
From Steiner’s absorption-chamber, a glass vessel of 616-9 ¢. c. 
capacity, a capillary copper tube, 1:5 mm. wide, 2 m. long, wound 
in two turns of 15 em. radius, leads over to a bulb and a graduated 
tube, of 80 c. c. capacity, connected with a mercury cistern. The 
capillary and the tube having been filled with dry hydrogen (from 
zinc), communication is established with the absorption-chamber, 
which is shaken whilst in a horizontal position with the cock half 
open. This shaking broke the platinum capillary first employed. 
There is no bubbling of the hydrogen through the liquid. The 
shaking is continved for about ten minutes, until there is no 
further rise of the mercury in the graduated tube, and the readings 
taken an hour afterwards at temperatures varying between 10° 
and 19° ©. From these, Steiner deduces his coefficient, vol. of 
H/vol. of liquid, (,,, being forced to assume that the temperature- 
coefficients of the various solutions were the same. For water he 
found 0°01883, same as Winkler; Timofejew 0:01903, all at 15° C. 
The salts, LiCl, KNO,, 4AI1Cl,, KCl, NaNO,, 3CaCl,, NaCl, 3MgSO,, 
2ZnSO,, 3Na,SO,, 4K,CO,, 4Na,CO,, C,,H,,O,,, in saturated and 
dilute solutions, all gave remarkably regular and similar absorption- 
curves ; the above order is for decreasing values, the nitrates and 
LiCl showing the least molecular depression. In their case the 
effect of acid and of base seems to be additive. The equivalent 
weights, not the molecular weights, appear to be decisive. Cane- 
sugar, the only non-electrolyte tested, occupies an isolated position ; 
its curve crosses the others. Setschenow’s absorption-coefficient 
for CO, gives similar curves. ce ede S 


11. Measurements of Vapour-Tension. First Notwe. G. W. 
A. Kahlbaum. (Zschr. phys. Chem. 13. pp. 14-55, 1894.)—The 
paper is an extract from a work with the same title published by 
Kahlbaum-and Paul Schréter at Basel, in which full details are 
given of the apparatus and methods of observation. The author 
distinguishes two methods of determining vapour-tension—the 
dynamical and statical. The author’s dynamical determinations of 
the vapour-tensions of formic, propionic, normal butyric, and iso- 
valerianic acids differed from Landolt’s, who employed the statical 
method. A repetition of Landolt’s measurements produced an 
agreement between the two methods, and showed that traces of 
water in Landolt’s specimens were no doubt responsible for the 
differences. In general, water increases the vapour-tension when 
mixed with a fatty acid, and the effect of an equal quantity 
increases with the molecular weight; in the case of formic acid, the 
presence of water diminishes the vapour-tension. The preceding 
is followed by a section containing tables of the boiling-points 
under various pressures, and the vapour-tensions at various tem- 
peratures of a number of fatty acids, beginning with formic. 
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Mixtures, in known proportions, of formic acid and water, acetic 
acid and water, are next examined ; and, finally, mixtures of certain 
acids. A. G. 


12. Kinetic Interpretation of the Dissipation Function. Te 
Natanson. (Zschr. phys. Chem. 13. pp. 437-444, 1894; Bull. 
Internat. de Acad. d. Se. de Cracovie, 1893.)—Putting u+é, .. 
for the components of velocity of a molecule, where u,... are the 
mean velocity-components of all the molecules in the volume dV, 
we have K=}((w+ ..-)edV for the molar, and B=3((P+ 2 )pd¥ 
for the molecular, kinetic energy of the medium; and putting 
Q=(u+é)’+ ... in the general equation 


pdQ/dt + d(pEQ)/Ox+ ... =p(3Q/dt+ XOQ/But ...) 


and in the continuity-equations 


pdu/dt-+2(p£)/x-+ d(pén)/Oy +0(k)/dz=pX, &e., 


where Q is a function of the velocity-components of a molecule, 
pX,.-..is the external force at #, y, z, and d, 6 denote total and 
collision-caused variations respectively, we obtain expressions 
which on integration over the containing volume give 


5 JX «+ )pdV— Sp =— [ab + Ang+ ...)paV 


=\(F —po)av, 
where 
a=du/dv, A=dv/dz+0w/dy, &., O=atb+c, Bp=p(H+...), 


and F=a(p—pé)—Apnf+ See 


Certain considerations seem to show that the sign of F depends on 
the character of the collisions ; but with Poisson’s theory 


p— pe =2yu(a— 46), pnt = —paA, &e., 
so that F becomes Lord Rayleigh’s dissipation-function 
p(2a?+ A+ ...— 36") or p{Z(b—c)+A’+ ...}, 


which is always positive. The transformation of molar into mole- 
cular energy is, therefore, an irreversible process, the term pO not 
influencing this result as, varying in sign with 0, it corresponds to 
a reversible process. The internal energy of the molecules has 
been neglected in the above; it adds a term pdh/dt to the equation 
to be integrated. R. E. B. 


13. Improved Balance. B. Pensky. (Zschr. Instrumk. 14. 
p. 325, 1894.)—In 1892, Messrs. Nementz of Vienna devised 
a contrivance for putting the smaller weights ona chemical balance 
without opening the case. They have now done the same for the 
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larger weights. The weights, 50 gr. and 4x10 gr., are ring- 
shaped, and fit a step cone-scale. By turning a stud, the four 
10 gr. are added in succession, and then replaced hy the 50 gr., 
after which the 10 gr. may be put on again. A 5 gr.and4 x1 gr. 
weights are manipulated in the same way. The correct weight can 
be read on the studs. The drawback is that the beam remains 
half-arrested during this weighing. H... Be 


14. Hard Solders for Brass. KR. Schwirkus. (Zschr. In- 
strumk. 14. pp. 225-241, 1894.)—An examination of the various 
commercial solders for brass was undertaken by the Physikalisch- 
Technische Reichsanstalt in order, if possible, to find one which 
should be easily fusible and fairly tough and malleable. About 
50 commercial or experimental solders were tested, and five were 
eventually obtained which appear to satisfy all requirements. 
These all contain a small proportion of silver instead of the more 
usual but noxious tin. The hardest of these contains copper 53, 
zine 43, silver 4 parts, fuses in 7} seconds at the temperature 
usually employed, and allows a brass tube of 3°5 cm. diameter 
soldered with it to be hammered out into a flange of 1°75 cm. 
radius. The next, consisting of copper 48, zinc 48, and silver 
4 parts, is useful for the first joints of ordinary brass. It is golden- 
yellow, melts in 6°9 seconds, and gives a flange of the same 
radius as the first. The third solder, suitable for sheets and wires, 
consists of copper 42, zine 52, silver 6 parts, fuses in 6°7 seconds, 
and gives a flange of 2 cm. radius. The fourth, and most gene- 
rally useful kind, contains copper 43, zinc 48, and silver 9 parts, 
is reddish-yellow, fuses easily in 6:5 seconds, and gives a flange 
of 15cm. Finally, the fifth variety, for third solderings on the 
same piece, and all purposes where a soft solder is required, con- 
tains copper 38, zinc 50, and silver 12 parts, fuses in 5°5 seconds, 
and gives a flange of 1:3 cm. In order to prevent evaporation and 
burning of the zine during the manufacture of these solders, it is 
fused first at the lowest possible temperature. The copper is 
granulated, mixed with a third of its volume of sal ammoniac, and 
gradually melted in the zinc. The silver is hammered into thin 
sheets, cut into strips and mixed with the copper. E. E. F. 


15. Hydrometer. 'T. Lohnstein. (Zschr. Instrumk. 14. 
pp- 164-170, 1894.)—Ordinary hydrometers for the determination 
of the specific gravity of liquids are subject to errors due to surface- 
tension, and if great accuracy and range are desired they must be 
made of large size. The author shows, on certain not unreasonable 
assumptions, that a hydrometer of variable immersion, which would 
measure specific gravities from *7 to 2 to the fourth decimal place, 
would have a weight of 13 kilograms. The new hydrometer, of 
which a sketch is given, consists of a hollow piece of glass, cylin- 
drical in shape, with tapered ends. The upper end is ground flat, 
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and when it is in exactly the same plane as t’e surface of the 
liquid whose specifie gravity is being determined, surface-tension 
exercises no prejudicial action. From the centre of the upper 
end rises a fine rod, coincident with the axis of the cylinder; this 
bears a light beam at right angles to itself which extends at either 
end beyond the cireumference of the hydrometer jar. A scale-pan 
hangs from this beam; it is centrally perforated and moves along 
the vertical support of the hydrometer jar. To determine the 
specific gravity of a liquid, weights—which are of such dimensions 
and so numbered that the calculation of the result is reduced to a 
minimum—are put on the pan until the upper end of the floating 
glass is on a level with the surface. There are many useful details 
which cannot be nventioned in an abstract. Jal Sx 


16. Level of Variable Sensibility. Le Mach. (Zschr. In- 
strumk. 14. pp. 175-176, 1894.)—The inner wall of the tube 
of a level is usually made slightly barrel-shaped by grinding, great 
patience and skill being required. In the level described, there is 
employed a cylindrical glass tube which can be curved to the extent 
desired, by means of pressure produced by a fine-pitched screw 
placed under the middle part. HA (i 


17. Automatic Mercurial Air-pump. FY. Neesen. (Zschr. 
Instrumk. 14. pp. 125-127, 1894.)—The writer describes a 
shortened multiple Sprengel delivering into the vacuum of an 
auxiliary water-pump; the mercury is raised to its original posi- 
tion by means of an automatic arrangement of valves which utilises 
the pressure of the air to restore the head of mercury, this of 
course being, from the shortened nature of the pump, less than the 
height of the barometric column. VAG. 


18. Photographic Recording Instrument. A. Raps. (Zschr. 
Instrumk. 14. pp. 1-6, 1894.)—Describes a photographic recorder 
(patented), com bined by the ‘“‘ Allgemeine Electricitits Gesellschaft” 
with a voltmeter, which can be fitted to most instruments, and be 
used in daylight. A drum covered with sensitised paper revolves 
ence in 24 hours. The light of an incandescent lamp falling 
through a horizontal slit, covered with glass, produces a dark line 
parallel to the axis of the drum, and would hence blacken the 
whole surface, if the pointer of the instrument did not play over 
the slit. The pointer, therefore, traces a bright line. A trans- 
parent disc, which can be set from outside, marked with radial 
lines to represent the hours and quarters, revolves in front of the 
slit. When an hour-line passes the light is cut off, and the hour 
itself is printed at the same time. By means of wires stretched ° 
vertically across the slit parallel lines can be ruled. The drum 
can be taken out and be covered with a hood. The deyeloper is 
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poured into the hood, the drum turned by means of a crank, and 
taken out for fixing. Very rapid current fluctuations affect the 
lamp, and are recorded in that way. eB: 


19. Accurate Determination of Freezing-Points. E.H. Loomis. 
(Wied. Ann. 51. pp. 500-523, 1894.)—Full details are here 
given of a method for determining the freezing-point of dilute 
aqueous solutions in which the thermometer is read to the ten- 
thousandth of a degree. Special attention is paid to the influence 
of the temperature of the surrounding medium on the observed 
value of the freezing-point. The solutions examined were those 
of urea, cane-sugar, ethyl alcohol, sodium chloride, magnesium 
sulphate, sulphuric acid, and phosphoric acid. The concentration 
varied for each dissolved substance between 01 and ‘2 gram- 
molecule per litre. The curves obtained on plotting molecular 
depression against concentration are compared with the theoretical 
curves deduced from the electric conductivity ; large differences 
are here given by sulphuric acid and magnesium sulphate. The 
author finds no indication of the sudden changes of curvature 
described by Pickering. Several observers have stated that with 
increasing dilution the molecular depression in the case of non- 
electrolytes increases, and in the case of electrolytes reaches a 
maximum ; the author’s results give no support to either con- 
clusion. The values found for sodium chloride are in close accord 
with those obtained by a different method by H. C. Jones. 

J. W.R. 

20. Criticism of Loomis’ Paper. FP. Kohlrausch. (Wied. 
Ann. 51. pp. 524-528, 1894.)—It is here pointed out that although 
the results of Loomis and Jones (see previous abstract) for sodium 
chloride are in close agreement, this is not the case if the other 
results of Loomis are compared with those more recently obtained 
by Jones. Several possible sources of error are suggested in con- 
nection with Jones’ method; these refer chiefly to his thermo- 
meter, the bulb of which contained over 200 gr. of mercury. 
Attention is also called to the fact that the curves for molecular 
depression given by Jones, unlike those of Loomis, are of a wavy 
character, the divergence from a smooth curve being, in many 
cases, much larger than the experimental errors. J. W. RB. 


21. Surface-Tension of Mercury in Capillary Tube. Ge 
Quincke. (Wied. Ann. 52. pp. 1-22, 1894.)—The author 
briefly reviews some recent determinations of the surface-tension 
of water, and maintains his previously expressed view that the 
angle of contact of glass and water is not generally zero. He is 
of opinion that the discrepancies in the values of the S.T. found 
by different observers are due to different amounts of impurity 
in the water—mainly substances dissolved from the glass,—and 
supports this view by the observation that the S.T. diminishes 
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when the water is left in contact with the glass—the time re- 
quired to reach a limit depending on the extent of surface of 
water to be soiled. In narrow capillary tubes there is no diminu- 
tion of S.T. with the time, in wider ones it is slight, and in large 
bubbles it reaches 10 per cent. Experiments were made with 
capillary tubes of different kinds of glass. The angle of contact 
was observed by a special form of goniometer, and found in some 
eases to reach 9°. The angle increases with the time that has 
elapsed since the tube was drawn out. In freshly drawn tubes it 
is very small. The S.T. when determined by means of tubes of 
Thuringian glass or hard Jena glass was less than when d2termined 
by means of Jena normal glass or English flint. Wide tubes of 
the two former kinds gave for the S.T. in mgr./mm. units 7-776, 
and of the two latter kinds 7°846. The 8.T. of mercury, 
measured in the same way with tubes of normal Jena glass, was 
55°78 at 17-5. The observed angle of contact was 52°40’. The 
S.T. and the angle of contact diminished rapidly as the surface of 
the mercury became moist from contact with the air. Experiments 
were also made by observing the difference of heights of the liquid 
in the two limbs of a U-tube—one of the limbs being capillary. 
The results were similar to those obtained by the other method. 
VE nee, Sa J. W.C. 
22. Vapour-Tensions of Solutions. Ml. L. Marchis. (J. de 
Phys. 3. pp. 193-205, 1894.)—A short account is here given of 
the principles of the methods employed in determining the vapour- 
pressures of solutions. The common sources of error in the statical 
method are mentioned, and Dieterici’s apparatus for measuring 
low vapour-pressures, his calorimetric method, and Beckmann’s 
dynamical method are briefly described. Js WER 
23. (Journ. de Phys. 3. pp. 257-264, 1894.)—Some of the prin- 
cipal results which have been ascertained regarding the effects of 
temperature and concentration on the vapour-pressures of solutions 
are here summarized, and the ordinary method is indicated whereby 
the results of vapour-pressure observations may be used to caleu- 
late the molecular weights of dissolved substances. J. W. R. 


24. Vapour-Tension of Hydrated Crystals. C. E. Line- 
barger. (Zschr. phys. Chem. 13. pp. 500-508, 1894.)—A salt 
containing water of crystallisation has a definite vapour-pressure 
—the dissociation pressure. If the salt be added to a liquid in 
which water is soluble but its other constituent is not, the partial 
pressure of water in the vapour of the solution will be equal to 
the dissociation pressure. Suppose the relation between the partial 
pressure of water and its concentration in the solution to be known 
at different temperatures. If we now find the amount of water 
dissolved by the solvent, we can calculate the partial pressure of 
water, and thus the dissociation pressure of the salt. Experiments 
are described in which ether was used as solvent, and from the 
lowering of its boiling-point the amount of water dissolved from 
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various hydrated salts was calculated. The dissociation-pressures 
deduced for the hydrated sulphates of copper, magnesium, and zinc, 
and for strontium chloride, agree closely with those directly deter- 
mined by Frowein. In the case of sulphate of iron and barium 
chloride, the method could not be made to yield trustworthy 
results. J. W. BR. 

25. Symmetry im Physical Phenomena. P. Curie. (J. de 
Phys. 3. pp. 393-414, 1894.)—The paper commences with a 
very complete classification of the various kinds of symmetry 
which a finite system may possess, examples being drawn from 
crystallography as well as from dynamics and electromagnetism. 
The symmetry characteristic of a physical phenomenon is defined 
as the maximum degree of symmetry compatible with the existence 
of the phenomenon. Thus the symmetry characteristic of an elec- 
trostatic field is the same as that of a cone (or other geometrical 
figure of revolution) which has no plane of symmetry perpendicular 
to its axis; while the symmetry characteristic of a magnetic field 
is the same as that of a rotating cylinder, which has a plane of 
symmetry perpendicular to its axis but no planes of symmetry 
passing through its axis. These conclusions are clearly established 
by considering the most symmetrical distribution of physical con- 
ditions consistent with the production of the respective pheno- 
mena. The author points out how considerations of symmetry 
may often indicate the impossibility of an assigned effect being pro- 
duced under assigned conditions, and how, on the other hand, 
they may suggest the possibility of effects which can afterwards 
be sought for experimentally. Examples of the latter kind are 
found in Wiedemann’s observations on the twisting of a magnetised 
wire when carrying a current, and on the E.M.F. produced in 
a magnetised wire when twisted; also in Hall’s phenomenon. 
Pyro-electric and piezo-electric phenomena are also considered 
from the same point of view. C. V. B. 
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26. Refractive Indew of Aqueous Solutions of Cadmium Salts. 
R. De Muynck. (Wied. Ann. 53. pp. 559-563, 1894.)—The 
experiments of Hittorf have shown that in concentrated aqueous 
and alcoholic solutions of CdCl, and Cdl, double or triple molecules 
exist. The indices of refraction for such solutions and others 
(CdBr,, Cd(NO,),, CdSO,) are measured by Pulfrich’s refracto- 
meter to see whether there is any indication of complex molecules. 
The simple examination of the results gives no indication; the 
variation of the index of refraction with the number of gram- 
molecules in 100 grams of solution being expressed by a continuous 
curve. 8.8. 


27. Spectrobolometric Observations on the Emission and Absorp- 
tion of Steam and Curbon Diowide. F. Paschen. (Wied. Ann. 51. 
pp. 1-39, 1894.)—The apparatus was mostly that described in an 
earlier paper (Wied. 50. p. 409, 1893). The gas is heated in a 
copper tube with open ends, kept full by a steady stream of gas ; this 
is used either to radiate, or to absorb radiation from a hot iron 
cylinder, or an electrically heated platinum strip. Fluorite prisms 
are used. A preliminary result is that the carbon dioxide in 
the air occupying the apparatus (about 75 cm. length) produces 
strong absorption in certain parts of the spectrum; it is therefore 
not possible by ordinary means, with either prisms or gratings, to 
observe the spectrum of a solid source in these parts, and they 
have to be supplied by graphical interpolation. Curves are given 
showing the position and intensity of the bands: the chief band of 
CO, (at A\=4'5y) is of great intensity, so that 7 cm. thickness of 
the gas behaves like an infinite thickness. On the other hand, the 
lines do not broaden with increased thickness of absorbing layer, 
and between them there is no absorption (less than 55, by a 33- 
em. thick layer). The position of the bands is found to vary 
with rise of temperature : mostly moving down the spectrum, but 
in one case up. The chief band of CO, varies from 29° 282 to 
29° 16'°5 (minimum deviation): this perhaps indicates that the 
bands are made up of numerous lines, some of which increase, 
while others decrease in intensity as the temperature changes. © 
The position of the centre of the bands (highest degree of absorp- 
tion) is not necessarily the lowest point of the energy-curve. But 
if f(a) is the energy-curve of the continuous spectrum, and F(a’) 
the same after absorption, it is given by 

| 8) _F') 

S(x) f(@) 
Hence, draw a tangent to the curve f(«) and from the point where it * 
meets the axis of w draw a tangent to F(a). The point of contact 
is the point of greatest absorption, The coefficient of absorption 
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is then to be calculated from the observed value of F(v) and 
the value of f(«) interpolated from neighbouring observations on 
the unabsorbed spectrum. BOA. LL: 


28. Validity of Kirchhoff’s Law of Emission. F. Paschen. 
(Wied. Ann. 51. pp. 40-46, 1894.)—Kirchhoff’s law is that the 
emission of any body is equal to its absorption-coefficient, multiplied 
by the emission of a black body. This is to be distinguished from 
the mere parallelism of emission and absorption due to resonance. 
It follows that when a gas obeys Kirchhoff’s law, in a very thick 
layer of it the intensity of the lines of the emission-spectrum is 
equal to that of a black body for the same temperature and wave- 
length. The author uses the name “ temperature-emission” for 
any radiation in which Kirchhoff’s law is obeyed. His measure- 
ments indicate that steam and carbon dioxide, externally heated 
up to 1000°, give a temperature-emission, and that probably even 
in the Bunsen flame the same is the case ; but, in agreement with 
E. Wiedemann, finds that in the sodium flame the temperature- 
emission forms only a part, and in the electric are only a very 
small part, of the whole: these are consequently cases of “ lumi- 
nescence.” The sodium flame is therefore an instance in which 
absorption and radiation run parallel, but Kirchhoff’s law does not 
hold. R.A. GL: 


29. Gas Spectra. F. Paschen. (Wied. Ann. 52. pp. 209- 
237, 1894.)—On account of a new determination by Rubens 
(Wied. 51. p. 381, 1894) of the dispersion of fluorite, the author 
gives revised tables of the infra-red spectra of carbon dioxide and 
water-vapour. He also compares the spectra of water-vapour and 
water, finding a general agreement in the position of the bands, 
but that (i.) with an increasingly thick layer of water the bands 
widen, with steam this is not so; (ii.) water has and steam has 
not a continuous spectrum outside the bands. Replying to Prings- 
heim, the author contends that the spectrum of carbon dioxide 
cannot be called continuous, since its intensity twice changes from 
zero to a considerable value and back again, within a length of 5 
of the known spectrum; it is not even analogous to characteristic 
solid or liquid absorption-spectra like that of blood, which for 
moderate thicknesses lose their characteristic bands and become 
contiguous. He also gives numerical evidence that the emission 
cannot depend on dissociation. (See No. 55, p. 25.) Ants 7 Nae bi 


fo) 

30. Paschen’s Spectrum Bolometry. K. Angstrom. (Wied. 
Ann. 52. pp. 509-514, 1894.)—The author considers Paschen’s 
mode of calculating absorption-coefficients erroneous. He also 
suggests that the displacement of the absorption-bands with 
rise of temperature may be only an apparent movement, due 
to the unsymmetrical increase of intensity of the spectrum of 
the source of radiation, with rise of temperature. Pp eAraly, 
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31. Spectrum Bolometry. F. Paschen. (Wied. Ann. 53. 
pp. 287-300, 1894.)—Replying to Angstrom, the author gives a 
detailed justification of his mode of calculating absorption-coeffi- 
cients, showing it to be approximately correct, and then shows how 
from observations with several thicknesses of absorbing substance 
the true coefficient can be found freed from errors due to stray 
light and reflection. Paschen , finds 11 per cent. of stray light in 
his own and 39 per cent. in Angstrém’s spectrum, on account of 
the lower dispersive power and the chromatic aberration of the 
Jenses in the latter ; and concludes that Angstrém’s coefficients are 
much too low. He also points out that one of the bands observed 
moves up the spectrum with rise of temperature, while the others 
move down; and Angstrém’s explanation of this phenomenon could 
not apply to both cases. Bi: Ag. Gs, 


32. The Dispersion of Fluorite in the Ultra-Red. FF. Paschen. 
(Wied. Ann. 53. pp. 301-333, 1894.)—Discusses the merits 
of the various methods and materials for examining the ultra- 
red, with special regard to fluorite, which has, between 2 and 10 p, 
a very high dispersive power accompanied, unfortunately, by 
strong absorption, so that the examination cannot be carried 
beyond 10. In his recent researches he follows Langley’s 
method, and adopts an arrangement similar to the one he used for 
his work on the emission of gases. The chief parts of his apparatus 
are :—slit 2, reflector (all of silver), grating (made by Rowland 
for Langley, 1°753 m. radius, 1421 lines to the millim.), reflector, 
slit 1, fluorspar prism, reflector, bolometer, a sooted platinum-foil, 
7 x 0°25 x 00005 mm., 8 ohm resistance. For the greatest wave- 


lengths the bolometer rose by s only ; the more accurate work 


had to be done at night-time, the rooms not being quiet enough. 
The dispersion of the grating being ten times as large as that of 
the prism, slit 2 had to be widened until the ratio had been 
reduced to 8:1. The D line of the 13th order (the 20th order 
was distinguishable), produced by vaporising NaCl in an oxygen- 
coal-gas flame, was thrown on the slit, and then replaced by a light 
rich in ultra-red rays. As such he tried first an are lamp, which 
was not steady enough ; then a special incandescence lamp, with a 
carbon filament 5mm.wide. Incandescent carbon is very suitable 
for these tests, but there were mechanical difficulties. Finally, he 
found that oxides are remarkably appropriate, and he employed a 
platinum-foil 0-01 mm. thick, painted with several coatings of iron 
oxide (sulphate or chloride), and heated by means of accumulators. 
The oxide becomes grainy crystalline, but remains suitable. He 
determined 34 lines, most of them between 2 and 9-4291 p, 
and concludes that Briot’s dispersion formula, doubtful for 1-8 p, 
will certainly not hold for 3 and above, owing probably to 
absorption. H. B. 
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33. The Ewvact Wave-Lengths of the Bands in the Ultra-Red of 
the Carbonic Acid and Water Spectra, F. Paschen. (Wied. 
Ann. 53. pp. 334-336, 1894.)—This paper summarizes the results 
of Paschen’s three papers on the emission of gases, giving the 
corrected wave-lengths of the carbonic-acid and water bands in 
the ultra-red at the temperatures 17°, 500°, 1000°, Bunsen- 
burner, oxyhydrogen flame. The fluorite spectrum has in general 
given higher values, which Paschen considers will be useful for 
determinations by coincidence. H. B; 


34. The Dispersion of Rock-Salt in the Ultra-Red. F 
Paschen. (Wied. Ann. 53. pp. 337-342, 1894.)—Paschen’s 
dispersion-values agree with those of W. H. Julius up to 5p, but 
not beyond. As Julius employed a rock-salt prism, and adopted 
Langley’s dispersion-curve, which extends only to 5:3», and as the 
extrapolations are more likely to be incorrect than Julius’ deter- 
minations, Paschen traces the dispersion of rock-salt up to 9°4 u by 
comparison. He regrets to be unable to submit his deductions to 
experimental test ; a rock-salt prism and its mountings are not at 
his disposal. H.. B. 


35. Pseudo-Monochromasy, a New Form of Colour-Blindness. 
A. Konig. (Verh. phys. Ges. 13. pp. 51-53, 1894.)—Kénig 
distinguishes three systems of colour sensations:—I. The Tri- 
chromatic system: 96 per cent. of all men, 993 of all women, see 
the Newton spectrum with two maxima of sensitiveness to change of 
wave-length, in the yellow and in the blue-green; white can only be 
produced by mixing at least two colours. II. Dichromatic system : 
the rest of the people see essentially a yellow band, toned down from 
a very deep yellow, fuller perhaps than what is known to normal 
eyes, to white in the blue-green ; beyond this the white becomes 
bluish. White is here in the spectrum at the spot of maximum 
sensitiveness to change, and this sensitiveness is extraordinarily 
developed. There are two classes, differing only as to the region 
of maximum brightness : to the green-blind it appears to be near 
610 pp, to the red-blind near 570 pu. IIT. Monochromatic system : 
known only in very few individuals, who perceive a colourless 
band with maximum brightness near 530 yu. The new type forms 
a transition from the monochromatic to the red-blind. On casual 
examination, the spectrum is described as a colourless band with 
maximum brightness near 570. If, however, the two ends of the 
spectrum are isolated and brought very near one another, a yellow 
anda bluish end are spoken of, which can be distinguished from the 
central grey. The maximum sensitiveness to change seems to 
occur in the blue-green. The individuals like those of III. complain 
of headache when their eyes are strained. Hi. B. 


36. Reflection from Glass. B. Walter. (Wied. Ann. 52. 
pp: 762-776, 1894.)—A transparent plate employed to direct a 
beam of light normally upon a mirror, and after reflection to 
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transmit it to the eye, is termed by the author a “ Gauss’ plate.” 
He investigates theoretically the intensity of the light reaching 
the eye in a number of cases, and points out that a crown-glass 
plate, if inclined at about 10° to the beam, gives an intensity 
28 times as great as that obtained at the usual angle of 45°. 


Tic Bee We 

37. Elliptic Polarisation of Light from a Transparent Reflector. 
P. Drude. (Wied. Ann. 53. pp. 69-76, 1894.)—The paper deals 
briefly with objections that have recently been made by Volkmann 
and Bonasse to the theory that the elliptic polarisation of light 
reflected from a transparent medium is due to the existence of a 
surface-layer with optical properties different from those of the 
inner part of the medium, and answers some criticisms by K. E. F. 
Schmidt of the author’s experiments on the polarisation of light 
reflected from Iceland spar. dW ke 
38. Specific Inductive Capacities of Solid, and Refractive Indices 
of Fused Salts. a. Arons. (Wied. Ann. 53. pp. 95-108, 1894.)— 
The specific inductive capacities of fused nitrates of potassium and 
sodium, and of a mixture of the two in molecular proportions, are 
determined by Schiller’s method. The plates of the liquid con- 
denser are immersed in the fused salt, which is then allowed 
to solidify. In the case of KNO,, the spec. ind. cap. diminishes 
from 5°73 to 2°56 in seven days, the decrease being most rapid in 
the first few hours. The spec. ind. cap. of NaNO, falls only very 
slightly, and the mixture of the two nitrates shows an inter- 
mediate rate of decrease. The author finds an explanation of 
these phenomena in the fact that the crystallisation of KNO, 
changes from the rhombic to the hexagonal system as it approaches 
the fusing-point, and supposes it to have a much higher spec. ind. 
cap. in the latter form. Bouty’s hypothesis regarding the co- 
existence of conductivity and dielectric power is not sufficiently 
supported by the behaviour of the mixture. The refractive indices 
of KNO, and NaNO, are found to be 1404 and 1:455 re- 
spectively, for yellow light. EEE. 
39. Optical Aais of Eye. W. C. Rontgen. (Wied. Ann. 
52. pp. 589-593, 1894.)—When an observer looks with one eye 
through the hypothernuse face of a right-angled prism, he sees an 
image of his eye with the image of the prism edge crossing it. 
The author finds that the image of the edge always goes through a 
point on the pupil which is not at its centre, but in most cases 
nearer the nose; and hence concludes that the optical axis of the 
eye is not its axis of figure—a fact previously discovered in another 
way by Helmholtz. If a telescope with vertical and horizontal 
cross-wires in the eyepiece be focussed for parallel rays, and be 
directed towards such a prism with its edge vertical and with the 
hypothenuse face turned towards the telescope, the cross-wires 
remain in coincidence with their image when the prism is turned 
about its edge. If there is any inaccuracy in the right angle, the 
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image of the vertical cross-wire will be displaced, and if the three 
edges of the prism are not parallel, the image of the horizontal 
wire will be displaced : whence we have a test of the accuracy of 
the grinding of the prism or of the setting of two mirrors at right 
angles. If the cross-wires be turned round at a certain rate, and 
the prism itself be turned in the same direction at haif the rate, 
about an axis perpendicular to the hypothenuse face, the image of 
the cross-wires stands still. The author suggests that this fact 
may be of use in making observations on bodies in rapid rotation. 


J, Wa Ge 


40. Afterglow in Vacuum-Tubes, and Incipient Incandescence. 
C. Kirn. (Wied. Ann. 52. pp. 381-384, 1894.)—The first light 
perceived from solid bodies as the temperature is raised to the 
stage of incandescence was found by H. F. Weber to be of a 
cloudy grey colour, corresponding in the spectrum to the bright 
portion where green and yellow coalesce. It is a band which 
broadens on either side as the temperature increases. (The dark 
red glow, which was formerly regarded as the initial visible emis- 
sion, belongs to a higher temperature of the body.) Experiments 
by Stenger and Ebert have shown that the eye has maximum 
sensitiveness for rays belonging to the particular band between 
green and yellow, here described. Kirn now investigates the 
converse case, by studying the afterglow of Geissler tubes. 
When the electric discharge ceases, the light begins to disappear 
from the negative end of the tube, the evanescence then slowly 
creeps towards the positive electrode. The weak spectrum obtained 
from this afterglow is at first continuous, but rapidly contracts 
from both ends—more from the blue than from the red—into a 
band whose locus in the spectrum corresponds to about 555-495yup. 
The final evanescence is from a spectral band closely associated 
with the E line; it is almost coincident with the position of 
maximum retina-sensitiveness, and is identical with the band of 


initial visible emission. R. A. 


41. Half-shade Polarisers. FP. Lippich. (Zschr. Instrumk. 
14. p. 326, 1894.)—Professor Lippich of Prague is further im- 
proving his half-shade polariser, with which readings to 8” in 25° 
have been taken. Looking from above, the tube contains the large 
prism 1, two smaller prisms 2, 3, one fixed, the other turning 
about the axis like 1, and the diaphragm. The field shows three 
bands, 2,1, 3. If the analyser is turned, 1 will differ from the 
other two; by turning 3, the discrimination can be carried still 
further. HSB: 


42. Durable Thin Plates with Newton's Rings. F. Kohl- 
rausch. (Wied. Ann. 51. pp. 351-352, 1894,)—These are pro- 
duced by blowing the end of a double capillary tube—a tube with 
two bores side by side—into a bulb. The membrane bisecting the 
bulb shows brilliant coloured rings whose order varies with the 
temperature at which they are produced. These membranes are 
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easily destroyed by slight concussions, but at higher temperatures 
black membranes are produced of extreme tenuity, which are very 
fairly stable. After they are formed, the tube is exhausted several 
times and then sealed. Some of the black spots thus obtained 
are 7 mm. in diameter. K. E. F. 


43, Sensitiveness of Human Retina. Preliminary Notice. A. 
Konig and J. Zumft. (Verh. phys. Ges. 13. p. 56, 1894.)— 
By a modification of Purkinje’s method, Konig and Zumft have 
established that the perceptions of the different colours occur in 
different layers of the retina, the larger wave-lengths affecting 
the outer layers. Apparently yellow and red only can be per- 
ceived in the same layer. HSS: 


44, The Meaning of Lines of Force and Surfaces of Potential 
in Optics. HI. Ruoss. (Wied. Ann. 53. pp. 77-84, 1894.)— 
There is a close analogy between a charge of electricity and a source 
of light, the action of each obeys the law of the inverse square ; 
for this reason the solutions of problems in Electrostatics can be 
directly applied to solve problems in Illumination, e.g. to find 
shadowless surfaces and surfaces of maximum illumination. <A 
shadowless surface is one which does not produce shadows: it is 
equally illuminated on each side; a small Bunsen disc placed on 
such a surface would not show the grease spot. To find, at a given 
point, the tangent plane to the surface of maximum illumination, 
the disk must be twisted about until the distinction between the 
spot and the surrounding part isa maximum. A surface of equal 
potential corresponds to a surface of maximum illumination, and 
the surface of a tube of force corresponds to a shadowless surface; 
although, in comparing, certain reservations are necessary depending 
on the fact that surfaces, as actually dealt with in practice, must 
be taken as more or less opaque. As a practical example, use is 
made of fig. 1 at the end of Vol. I. of Clerk Maxwell’s ‘ Electricity,’ 
which shows the lines of force and surfaces of equal potential 
round two charges of positive electricity ; there are some necessary 
additions ; and by the examination of the figure one can tell at a 
glance the manner in which the space round two sources of light 
of appropriate intensities is illuminated. A. G. 


45. Phase-change by Reflection from Thin Metallic Deposits. 
W. Wernicke. (Wied. Ann. 52. pp. 515-535, 1894.)—The 
author is able to draw conclusions as to the constitution of exces- 
sively small quantities of substances (such as silver, silver oxide) 
deposited on a glass plate, by observing the change of phase they 
produce in reflecting light. He distinguishes between the “ mole- 
cular” state of the freshly-deposited body and the “ coherent,” 
obtained by burnishing; and finds the refractive index and absorp- , 
tion different for the two. In the coherent state the region of 
chief absorption is lower down the spectrum than for the molecular : 
the refractive index (of metals and dyestuffs) is anomalous, being 
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very high below, and very low above the region of absorption. 
Thus in the visible spectrum, for silver it is 4 in the molecular 
and } in the coherent state. R.A. L. 


46. Some Fluorescence Phenomena. Edgar Buckingham. 
(Zschr. phys. Chem. 14. pp. 129-148, 1894.)—The writer sets 
himself the task of discovering whether fluorescence—like colour, 
the power of refracting light and of turning the plane of polari- 
sation—is a property of ions as well as of ordinary molecular 
substances. He finds it is. Stokes’ method of observing 
fluorescence by allowing light from the upper end of the spec- 
trum to fall on the body examined, and looking at it through 
yellow glass, was employed; quantitative results were not aimed 
at. An aqueous solution of eosin (C,,H,Br,O,) is first examined: 
dilution, which increases dissociation, increases the fluorescence ; 
the addition of acids, which diminishes dissociation, diminishes 
the fluorescence; bases and neutral salts act as theory indicates. 
A few experiments are made with G-naphthylamine disulphonic 
acid, but the substances most thoroughly examined are the 
hydrochloride, acetate, sulphate, nitrate, and bisulphate of quinine. 
The conclusion arrived at is that the fluorescence of aqueous 
solutions of quinine salts is mainly caused by divalent quinine 
ions, although monovalent may be present and participate in the 
action to a feebler extent; in the case of an alcoholic solution of 
the bisulphate, the fluorescence is caused by monovalent quinine 
ions. With respect to the peculiar action of the compounds of 
the halogens on the fluorescence of quinine salts, the writer 
concludes that it ts due, in some way, to the halogen ions, and 
that it 2s not due -to the absorption by the ions of the rays which 
produce fluorescence or to the formation of polymolecules. A. G. 


47. On the Rapidity of the Photo-electric Phenomena of Sele- 
nium. Q. Majorana. (Nuov. Cim. 34. pp. 267-275, 1894.)— 
Selenium cells were made of alternate plates of brass and mica, 
and the surface formed by one set of edges, which had an area of 
1 sq. cm., was heated to the melting-point of selenium (211°) and 
coated with a thin layer of this substance by means of a selenium 
pencil. It was allowed to cool very slowly in a paraffin bath. One 
of these cells had a resistance of 258,100 ohms in the dark, and 
86,700 ohms when exposed to sunlight deprived of obscure radiation. 
The cell was momentarily illuminated by such sunlight by means 
of a rotating mirror, and the change of resistance measured at 
different intervals after the illumination had ceased. This gave 
the rapidity with which the selenium recovered from the effects of 
illumination. With the exposure employed, it was found that the 
resistance fell to 200,000 ohms during illumination, and that it 
had half recovered in about 14 seconds. The original value was 
not attained for another 8 seconds at least. After stronger or 
more protracted illumination, the recovery would have been more 
rapid. BE. E. FE. 
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48, Thermodynamic Potential for a Heterogeneous System and 
Application to van der Waals’ Theory and the Law of Boiling-Pownts. 
E. Riecke. (Wied. Ann. 53. pp. 379-391, 1894; Nachr. Got- 
tingen, 2. 1894).—Five sections are occupied in deducing, with 
no appreciable change from Gibbs’ method, certain theorems with 
respect to the equilibrium of a heterogeneous system which Gibbs 
gave in his well-known memoir. Then, with van der Waals’ 
characteristic equation for a simple gas in the form 

p=NmRT(v —b)-1—22N*m? Av, 
where N is the number of molecules in the volume v, m their mass, 
and R, A, 6 constants, the known expressions for the energy e 
and entropy 7 in terms of v and T are obtained on the assumption 


of the constancy of ¢, the constant-volume specific heat ; and by 
elimination of T the equation 

e= UcNm(v/Nm—)' er XN” — Op AN? 
results, wherein B=b/Nm, % is Joule’s equivalent and &, the ratio 
of the constant-pressure to the constant-volume specific heat, is 
1+R/%c. The thermodynamic potential of the gas at. once 
follows as 


Oe 


=—— = AcT(1 —log T)+ pu/Nm—RT log (v/Nm—B)—27ANm, 


oNm 
which takes the form 


p/RO,—Z Ta {¢/(@— 3) —log (g- 3)30 ra 9/49, 
with van der Waals’ mode of writing ¢=v/9,, 02=T/0,, r= p/r,, 
where ¢,, 4,, 7, are the values of v, T, » in the critical state so that 


b= NmpB=34,, NmR=8r,9,/30,, 2cN?m’A =37,0,”, 
and on putting 
& = {(k—1) log (81,/3R) —& log 0, + 1—log 646/(4—1). 


Thus, not only, as van der Waals showed, is the reduced pressure 
for all gases the same function of the reduced volume and re- 
duced temperature, since 


a= 86/(3¢—1)—39~, 
but so, too, is the magnitude p/RO, —T. 

If, then, for a given value of @ the values:of r and »/R6,—T 
are plotted for all values of ¢, the reduced saturation-pressure and 
the reduced specific volumes for both liquid and vapour at this 
reduced temperature may be graphically determined by finding 
the two isometrics whose intersections with each curve have equal . 
ordinates, since « and pw have the same values for a liquid and 
vapour that are in equilibrium. In this way Riecke determined 
the values of x, ¢,,¢, for @=1, -95, 90, ... -60, and compared 
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them with the results for fluorbenzene deduced from Young’s 
experiments, finding very wide differences: thus for 6=°95 the 
theoretical values are -807 ,-693, 1°78 respectively, while the actual 
values are °678, °570, 2°82; and for 9=*7 the theoretical values 
are *199, :466, 7°75, while the actual values are -055, °396, 44-0: 
whence this method too shows y. d. Waals’ isothermal to be 
inexact. R. E. B. 


49, Thermodynamics of Imbibition. EX. Riecke. (Wied. Ann. 
53. pp. 564-592, 1894; Nachr. d. K. Gesellsch. d. Wiss. zu Got- 
tingen, no. 1, 1894.)—This is a thermodynamic study of the 
absorption of water by an organic substance, with the view of 
elucidating the character of muscular action. The energy and 
entropy of a mass m, of non-saturated aqueous vapour in volume », . 
at pressure p and absolute temperature T, for which pv, =m,RT, 
are B,==AUm eT, 4, =m,clog.p(v,/m,)*s 
so that BE, =Yem, en’ /Ry *-}, 
and thus RT=(0E,/0n, )R/U= em, /v,)*, 
and the potential is 
p, =0B, Om, =AT(R+c— n,/m,)=AT {(R+c)(1—log RT)+R log p}. 
Again, fora mass M of an isotropic absorbing substance of volume 
v, containing m, absorbed water, we have 

dB, =UAT dn, —pdv, + pdm, +MdM, 
so that, as the potential of the absorbed water must depend on 
the relative proportions of water and substance, 
y,=0B,/m,=f(n,/M, »,/M, m/M)=4(p, T, m/M); 
and as p,=p, for equilibrium, 
o(p, T, m,/M)=AT {(R+¢)(1 —log RT) +R log p}, 
or the absorption m,/M by a body in non-saturated vapour is a 
function of p and T. 
es ene Sn saoieos function of the first degree, we have 
OE OE OB, yo fs MM 
ay, Raton ai Moi AT, Yat bm, + ’ 
whence also Wn,dT —v,dp+m,dp,+MdM =0; 
and, similarly, %y,dT—v,dp+mdp, =0; 
but du,=dp,, and therefore 
dM = {X(n,/m, —n,/m,)dT — (v,/m, —v,/m,)dp }m,/M 
= AqQ/T . dT —qu dp, nee 
: i i f the absorbe 
bh is the heat required to vaporise 1 gram 0 iby 

sey the temperature T when the absorption 1s g=m,/M, and 
u is its ensuing change of yolume; hence 


10(qQ)/op= —TA(qu)/OT. 
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Now experiments on seaweed show that the absorption is of 

the form g=ap—bp’—cpT, and u2v,/m,=RT/p, whence 
G= _ RT(a—3bp —2cT) 

Wa —bp—cT) 
[The author gave a less approximate value by neglecting 0Q/Op in 
the integration. We may further deduce M= — RI'p(a—3bp —cT).] 
The values of Q calculated from experiments on different sea- 
weeds agree but little except in giving Q positive. The theory is 
then extended to the general case of an elastic absorbing substance 
under stress, which is of too mathematical a character to be 
represented in an abstract. R. E. B. 


50. Uhe Ratio of Diminution of Section to Longitudinal 
Strain as a Temperature Function, A. Bock. (Wied. Ann. 
52. pp. 609-620, 1894.)—Bock used the apparatus of Kirchhoff 
(Pogg. Ann. 1859, vol. 108. p. 369), but heated in an air-bath 
consisting of two iron cases with a clear space of 5 cm. width. 
The loads could be applied by means of rods passing through the 
hollow feet of the inner case, which was 45 20X20 cm., and fixed 
below to two diagonal pieces of wood. A bar of hard English 
steel 3°38 mm. thick gave a ratio »=0°282 at 22°; heating up to 
100° C. had little influence. Another steel in normal state, 2. e. 
kept at dull red heat for several hours each day during one week, 
gave p=0°256 at 20°, with an increase of 2 p.c. for 100°; a 
copper wire, 3°82 mm., ~=0°340 at 20°, increase of 4 p. c. for 
100°; a silver wire, 4°36 mm., »=0°346, increase of 10 p. c. for 
100°; a nickel bar, 5°00 mm. thick, »=0-°329, increase of 2°4 p.c. 
Temperatures above 160° do not seem to have been employed. 
The results are not particularly concordant, owing perhaps to 
thermoelectric after-reactions and other causes. 


51. Boilng-Points. U.Dubring. (Wied. Ann. 52. pp. 556- 
588, 1894.)—A claim of priority, accompanied by criticism of 
Ramsay and Young’s statement of the law of corresponding 
temperatures. Tables are given comparing 15 substances with 
water, and showing the variation in his own and R. & Y.’s 
coefficients. The author gives the law in the form 


where ¢ and s are the boiling-points of one substance at pressures 
p, and p,, t' and s' are the boiling-points of the other substance at 
the same pressures, and q is called the ‘‘specifiv factor” and is 
constant to about the same degree as the specific heat. R.A. L. 


52. Thermodynamic Interpretation of Maawell’s Law. I. 
Natanson. (Zschr. phys. Chem. 14. pp. 151-154, 1894.)— 
Let n; represent the number of the N molecules of a gas at P and 
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T with velocities between certain narrow limits, y, the mass of each, 
gi their thermodynamic potential per unit mass; then N=3. n,, and 
the thermodynamic potential of the system is b=. Hig; Now 


$= F,—RT p> log (N/n)), 
where ¢; depends on T, P only ; and it is easily shown that 


v= ngi=pL,—RT log (N/m). . . . . (1) 
But for equilibrium we have 

3B. (06/0n;)dn,=0 ; 
and if dx, of the class (h) collide with 8n, of the class (k), their 
classes being thereby changed to (7) and (s), we shall have 


oo oo fo 0® 


Re a n+ Sala kee 0, 
where on, = — dm, = — On, = 6n, ; 
so that db 8b _d0 | dH 
On, On, On, On, 
or, by (1), 
log (n,1,/7,2,) = (pont bb p— Prdr— Pas) RT, 
and therefore NAM, =N,, 


since p,=pr, 6,=,, &e., as the (7) and (h) molecules, &c., differ 
only in velocity. This equation is the fundamental form of 


Maxwell’s law, from which the usuai form is easily deduced. 
R. E. B. 


53. Thermodynamics of Molecular Pressure. G. Bakker. 
(Zschr. phys. Chem. 13. pp. 145-154, 1894.)—The external 
pressure p is looked upon as balancing the excess of a thermal 
pressure © over a molecular pressure K, or p=O—K. The 
assumption of @=Tf(v) at once gives 


K=Ty(v)+ Tf aT Qe/O»)q/T?, 
eas 


where, however, g(v) must be 0, or otherwise at constant density 
K would increase indefinitely with 'l’, since its second term is less 


than ET) “a /T? or E, and is therefore finite, E being the greatest 
T 
value of (0/0v),, between I’ and «©; consequently, 


K/T={ dl (de/dv)y/T, 
Y i. 


p/P=foy—J IV @cj2%)/T* 
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[It may be noted that this characteristic is absolutely general, 
and was so given by Lord Kelvin in 1851.] 


Since p=T(0n/dv)_ —(e/0v)p, 
we shall have 
O=T1(0n/dv),y=T(Op/OT), and K=(de/dv), 
if we assume p=Tf(v)—(v); in which case 
K=(v), e=(W(r)dvtx(T), and 4=[f(v)dv+o(1). 


A particular case of this is van der .Waals’, in which K=a/v’, 
a having for a mixture of gases a form that is given in the 
memoir: and the author considers another to be that wherein the 
molecules are unchangeable and attract each other with forces 
depending on their distance apart only, so that the molecular 
pressure is a function of density only ; no reason, however, being 
given for assuming that no work against molecular action is done 
during isometric heating. On integrating by parts the general 
expression for K/T, with the assumption that K is negligible at 
very high temperatures, we obtain 


K=—(2y,/0)q, 


where y,=e,—Tn, and e,, 7, are the isometric changes of energy 
and entropy between T and o; for (de/OT),=c, the constant- 


volume specific heat, 7, =( dTc/l', and by an isometric-isothermal 
T 


cycle it is easily proved that (0c,/Ov),= —(0c/Ov),. As we have 
also p=—(0y/0v), where ~=e—Ty, the free energy, we may 
write O=—(d,/dv), where Y,=W~+y,. [In the memoir yp and 
y, are used with changed sign, and y,, p, are wrongly described as 
changes of free energy.] w, is then calculated for van der Waals’ 
case. Lastly, K is practically asswmed tv be more generally re- 
presented by (0(e—%)/dv), which leads to © = (0(Tn—1)/0v)n, 
t denoting internal energy of the molecules. R. E. B. 


54. The Density of Saturated Vapour and the Law of 
Solidification and Evaporation of the Solent. F. M. Raoult. 
(Zschr. phys. Chem. 13. pp. 187-190, 1894.)—From Arrhenius’ 
theoretical law, AM’/P=-01988 T/L, follows at once Raoult’s 
experimental law as modified by Raoult and KRecoura, viz. 
d'/d=(1—f'/f).100/P.M’/M, where A is the elevation of the 
absolute boiling-point T of a solvent, of molecular weight M, 
and 1—f'/f the relative depression of its vapour-pressure, by ' 
the solution of P per cent. of a substance, of molecular weight M’, 
d'/d being the ratio of the actual and theoretical densities of the 
vapour and L the heat of vaporization. For f—f'*A(df/dT), 
and Clapeyron’s equation gives ‘ 

Lesh gy cee df ee df 1:988T d 


cS fae 7 ol. a wae 
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since for M grams of any perfect gas pu=1:988T calories. 
Further, the above modified law taken at the absolute freezing- 
point T with van’t Hoff’s theoretical law, CM'/P=-01988 T°/L, 
where C is the depression of the freezing-point by the solution and 
L is the latent heat of fusion, gives an improved modification of 
Guldberg’s experimental law, viz. 


d/d =1-988 (1—f'/f) T?/CML. R. E. B. 


55. Paschen’s “ Emission of Hot Gases.” E. Pringsheim. 
(Wied. Ann. 51. pp. 441-447, 1894.)—The author gives a personal 
explanation as to the views attributed to him by Paschen; and 
then remarks that the emission-spectrum of carbon dioxide and 
steam, from their extent, may be regarded rather as “‘ continuous,” 
and so obeying the same conditions as those of solids and liquids. 
With regard to Paschen’s argument that emission is not due to 
dissociation, the author considers the proof inadequate, but without 
maintaining the converse view. (See No. 29, p. 13.) pj Alo. 


56. Law of Thermodynamic Correspondence. J. de Ko- 
walski. (J. de Phys. 3. pp. 159-162, 1894.)—Duclaux showed 
that on adding to two liquids which do not mix a third liquid 
which dissolves both, a homogeneous liquid results, called a 
ternary solution. Denoting by qg, Q the least masses of an active 
liquid (c) which, added to unit mass of a liquid (a), permit it to 
form a homogeneous liquid, of total volume w, with m—1 mass- 
units of a liquid (A) and to mix with (A) in all proportions respec- 
tively, the author calculates, from Pfeifer’s experiments with ethyl 
alcohol and water for liquids (c) and (A), the values of w for each 
of nine liquids (a) for the values 2, 3,... 2 of q/Q, and finds 
that the ratio of the values of w for any two of the liquids with 
the same value of g/Q is independent of ¢/Q. For example, with 
ethyl propionate and methyl valerate he finds ‘67, -64, -64, -65, 
64, -64 for this ratio, or °65 in the mean. Thus w is of the form 
af(q/Q), where a is a constant which differs for different substances, 
the function f being the same for all; and hence the conclusion 
that the law of thermodynamic correspondence subsists even in the case 
of ternary mixtures. Q is called the critical quantity. R. £. B. 


57, 58. On the Specific Heat of Gases. S. Tussana. 
(Nuov. Cim. 34. pp. 41-43, & 130-141, 1894.)—In order to avoid 
the necessity of preparing a large quantity of gas, an arrangement 
was adopted which permitted the repeated use of the same quantity. 
Two steel cylinders partly filled with mercury communicated at 
the bottom by a flexible tube. The tops communicated with the 
ends of a copper tube-with two worms along its length, one of 
which was immersed in a heating oven, and the other in a calori- 
meter. By a suitable arrangement of taps the gas contained in 
one cylinder could be driven through the worms by raising the 
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other cylinder and thus emptying the mercury into the first, after 
which the gas was replaced in the first cylinder by altering the 
taps and lowering the second. Pressures ranging from 5 to 40 
atmospheres were employed. The chief results are the following :— 


SU Increase per 


Gas. onstant pressure 

of 1 almesphers. atmosphere. 
AT eee ee 0:2371 0:00150 
Hydrogen... .n.; 3°4025 0°0133 
Methane ...... 0:5915 0:0035 
COM ree airy 0°2013 0:00192 
Ethylene ...... 0°4039 0:00160 
IN, Osco tis aoa 0:2248 0-00184 


59. The Specific Heat of Water at Constant Volume. A. Bar- 
toli and E. Stracciati. (Nuoy. Cim. 34. pp. 113-126, 1894.)— 
The authors have calculated the specific heat at constant volume 
from their own values for that at constant pressure, with the aid 
of Pagliani and Vicentini’s results for the compressibility, and 
Rossetti’s for the expansion of water, assuming 428 m.-kg. as the 
mechanical equivalent of heat. Some of the values, referred to 
the specific heat of water at 15° under constant pressure, are given 
below :—- 


OF re 100592 202 nee w 0°99820 
Saha ee LT O05S0 25° .... 098984 
1O0%5) nu. “AL 100046 30° .... 0°98697 
15%. 3. 0299683 35° .... 0°98490 


The ratios of the specific heats at constant pressure to those at 
constant volume are, for the same temperatures :— 


GR Scare, hs UOTE 202 eas  L00G2Z8 
D acaany ~ 1 OO0002 207.222 1600032 
TOP ees. 00106 Ur ny Ole 1G 
LO) Gg... 11 O0S1S oo .2e a asO20og 
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60. Frequency at High Pitches. FY. Melde. (Wied. Ann. 52. 
pp. 238-262, 1894.)—To determine the frequency of tuning- 
forks of high pitch—up to 2000 vibrations per second—without 
the intervention of the ear, the author arranges them to communi- 
cate the vibrations to a rectangular metal bar 320 mm. long by 
1:5 thick, on which sand is strewn. The vibrating length of the 
bar can be adjusted till nodes are formed “hair-sharp.” The 
frequency of the bar is calculated from its dimensions, by the aid 
of previous experiments with a tuning-fork of known (low) pitch, 
giving a smaller number of nodes on the bar. Forks by Appun 
and Konig were tested. and some of those of above 8000 vibrations 
found to be considerably wrong, showing the untrustworthiness of 
ear observations on so high pitch. RAL: 
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ELECTRICITY. 


61. Haperiments on the Origin of Frictional Electricity. C. 
Christiansen. (Wied. Ann. 53. pp. 401-4381, 1894.)— 
Christiansen starts from Helmholtz’s views on the analogy between 
frictional and contact electricities. He applies a metallic disc, 
covered with an insulator, to a glass tray filled with mercury, 
inserts a galvanometer between the disc and the mercury, and 
notes the deflections produced each time when the insulator and 
the mercuryvare brought into contact or separated from each 
other. When applied the first time, no deflection is observed, 
since contact between an insulator and a conductor cannot produce 
a current. In a modified form of apparatus a glass tube, 15 cm. 
long, 3-6 mm. wide, coated inside with the respective insulator, 
its central part outside being covered with tin-foil (or some metallic 
sleeve), was joined to another glass tube connected by rubber tubing 
with a mercury cistern: the tin-foil and a platinum wire fused into 
the second tube formed the electrodes. Amalgams of Zn and Cu 
were produced by pouring a little sulphate on the mercury. A 
great many insulators—resins, paraffin, camphor, &c.—were tried 
in air, oxygen, hydrogen, and carbonic acid; water-vapour had 
hardly any effect but to stop all action when the atmosphere was 
saturated. In all cases the insulator became positive when oxygen 
was absent. In the presence of oxygen, pure mercury made the 
insulators negative ; an amalgam electrified them positively. The 
author conciudes that mere friction cannot produce electricity. 
There would always be chemical action, and a double film of 
+ kations and — anions would form. He would distinguish 
between :—(1) Insulators or Dielectrics, in which the ions are 
immobile or capable of oscillations only; (2) Metals, whose ions 
can move or at any rate easily exchange their charges ; (3) Hlec- 
trolytes, whose ions can move with more or less friction; 
(4) Hydrides, like water, which contain a few ions only. HB: 


62. Distribution of Induction in Strained Nickel Wire. TH. 
Nagaoka. (Wied. Ann. 53. pp. 481-486, 1894.)—The distri- 
bution of magnetisation’ along a nickel wire which is kept in 
a constant field and undergoes reversals of polarity under the 
simultaneous influence of longitudinal pull and cyclic twist is 
investigated. The author concludes (1) that the magnetisation is 
symmetrical about the middle of the wire unless the total magneti- 
sation is very small ; (2) that a genuine reversal of polarity all along 
the wire is finally produced ; (3) that with small total magnetisation 
the distribution is complicated, the wire behaving like three 
separate magnets placed end to end. L. R. W. 

63. Variations of Dimensions of Iron, Nickel, and Cobalt when 
Magnetised. FH. Nagaoka. (Wied. Ann. 53. pp. 487-498, 
1894.)—-The observations already made by the author upon wires 
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are here extended to prolate spheroids, in order to obtain results 
which, on account of the gain in uniformity of magnetisation, can be 
more easily interpreted. ‘The changes of length are measured by an 
optical lever, precautions being taken to minimise the effect of 
temperature-variations. Observations are taken while the mag- 
netising current is continuously and cyclically varied. The changes 
of length are plotted in terms of (1) the external field, (2) the 
intensity of magnetisation, (3) the square of the intensity. In the 
case of nickel the two latter curves show no hysteresis. For all 
three metals it appears that with weak magnetisation the change 
of length is proportional to the square of the intensity. L.R. W. 


64. Magnetism. C. Fromme. (Wied. Ann. 53. pp. 236- 
263, 1894.)—A current is maintained in a coil of wire containing 
an iron or steel core, and either (1) continuously decreased to 
zero, (2) suddenly interrupted by a contact-breaker, or (3) abruptly 
diminished by employing the contact-breaker shunted by a resist- 
ance R and then brought to zero by continuously increasing this 
resistance. The amount by which the residual magnetism in the 
last two cases falls’ short of that in the first is observed. This 
decrease is found to be in general less in (3), and the more so the 
smaller R is, if R consists of liquid resistances or of coils wound 
on Chaperon’s plan, or of the sum of small resistances taken from 
a Siemens rheostat ; but it is anomalously large and inconstant if 
R consists of large resistances from the rheostat or of the coils of 
a Wiedemann galvanometer, unless the magnetising current is 
very small. With given coils the anomaly is greatest when the 
self-induction is a maximum, and is diminished by promoting eddy 
currents in the core, or by breaking the contact more slowly. The 
author refers these effects to electrostatic capacity and self-induction 
in the coils forming R. L. R. W. 


65. On the Mechanical Action of Waves on Stationary Re- 
sonators.—l. Electromagnetic Waves. P. Lebedew. (Wied. 
Ann. 52. pp. 621-640, 1894.)—When a train of waves falls on a 
stationary resonator which does not react appreciably*on the 
source of the waves, mechanical forces are set up in the resonator. 
The object of this investigation is to determine, for electromagnetic 
waves, how the magnitude and sign of such mechanical forces 
depend on the resonance: both electric and magnetic waves are 
considered. The waves were produced by the discharge of a 
U-shaped air-condenser, the coatings of which were connected to 
the secondary circuit of an induction-coil. Near this was placed 
a ‘‘ vibrator,” which responded to the waves of the air-condenser, 
and thus furnished a fairly pure wave of constant period. For 
magnetic waves the vibrator was a long strip of zinc plate bent 
double, the two halves being parallel to each other, but by a second 
bend brought closer together at the ends than the centre; its wave- 
length was about 320 to 380 cm. The electric vibrator consisted 
of two parallel plates joined by a copper strip, the wave-length 
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being 350cm. The ‘waves emitted by these vibrators were allowed 
to fall on small resonators consisting of a coil of thin silver wire 
with its ends attached to two small condenser-plates, the whole 
being suspended by a torsion-fibre of quartz. For electric waves 
the plane of the coil was horizontal; for magnetic waves vertical. 
The resonator was tuned by shortening its coil or altering the 
distance apart of the end-plates. Indicators were used to ensure 
that the rate of radiation from the vibrators remained the same 
throughout the experiments. The experiment consisted in setting 
the vibrator in action, and after a certain interval reading simul- 
taneously the deflections of the indicator and resonator. It was 
found that if the wave-length of the resonator was greater than 
that of the vibrator, repulsion occurred, the angle between the lines 
of force of the two tended to increase; on the other hand, the 
resonator was attracted if its waves were shorter than those of the 
vibrator. The forces of attraction and repulsion were greatest in 
the nzighbourhood of exact resonance, and the behaviour of electric 
and magnetic waves was the same. The wave-lengths were deter- 
mined before each experiment by a modification of Lecher’s method. 
The author shows that his results are in accordance with theory, if 
it be assumed that the vibrations set up in the resonators obey the 
ordinary laws of elastic vibrations, and if the laws of Coulomb 
and Ampére held good for electric vibrations. Regarded from the 
standpoint of the electromagnetic theory of light, the investigation 
is an attempt to determine experimentally, by means of large 
model molecules, the molecular forces called into play by mutual 
radiation. a ree sb 


66. Specific Resistances and Temperature-Coefficients of Copper- 
Zinc Alloys. R. Haas. (Wied. Ann. 52. pp. 673-690, 1894.)— 
Haas fused the electrolytic, very pure copper in a Hessian 
crucible (in a Réssler furnace) under boraa, and added the zinc in 
pieces of 0°5 gr.: the reaction was very violent, almost explosive. 
The ingots of the 28 alloys prepared, with from 0 to 100 per cent. 
of zinc, were drawn through 80 steel eyes, until the diameter was 
reduced from 4 mm. to less than 1 mm., the wire being frequently 
heated and rubbed with emery during this process. To eliminate 
mechanical influences as far as possible, all wires were treated 
alike. Alloys with from 47 to 99 per cent. of Zn were too hard 
and brittle to be drawn out, and could therefore not be tested. The 
analyses were made electrolytically, after Classen’s method ; traces 
of iron were present. Resistance and temperature-coefficients were 
determined between 0° and 100°, at intervals of 10°, increasing and 
decreasing, two sets of readings being always taken. The two 
curves show very careful work. The specific resistance rises 
from pure Cu 0:01576, almost cubically, to a maximum of 
0-063 for an alloy with 34 per cent. of Zn, and sinks again, the , 
resistance of the 47 per cent. mixture being the same as that of 
the 14 per cent. mixture. As pure zinc has a resistance of 0-05683, 
there must be two more characteristic points in the missing part 
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ofthecurve. The temperature-coefficient Cu 0:00432 sank rapidly 
down to the 5 per cent. mixture (this fall is 70 per cent. of the 
whole), then more slowly ; between 17 and 34 per cent. the curve 
was almost horizontal, then turned up sharply, the coefficient being 
the same for 47 per cent. zinc as for 2 per cent. There seems to 
exist, therefore, an alloy with 34 per cent. of zine corresponding 
to the formula Cu,Zn. Laurie’s CuZn, could not have been dis- 
covered by this method. HB: 


67. Dielectric Polarisation of Liquids. B. W. Stanke- 
witsch. (Wied. Ann. 52. pp. 700-727, 1894.)—The experiments 
here described have reference to the capacity constants (S.I.C.) 
of certain fluid dielectrics. The liquids chosen were those having 
known properties with regard to polarised light: the results 
indicate that a qualitative relation subsists between S.1.C. and the 
optical values obtained by Steinheil for the rotation-angle of the 
plane of polarisation for the B line. A double condenser was used 
for the electrical tests; it is formed of three copper plates, with 
distance-pieces of thin glass strips. The liquids are retained in 
the two narrow interspaces between the copper plates by capillarity. 
It is pointed out that as the quantity of liquid required to fill the 
interspaces is very small, the “ double-condenser ” capacity test is 
well suited for rare oils. Alternating pressures are employed ; 
those of the condenser-plates being measured by an electrometer. 
Special attention has been given to the rate of alternation, and the 


© 


duration of charge = . It is shown that as x diminishes, 


the S.1.C. of the substance falls. This diminution is very marked 
in some of the samples: with oil of lavender, for instance, as = 
is given the successive values 5}, 745, se/py Secs., the corresponding 
S.1.C.’s are represented by 20°5, 66, and 3°89 respectively. The 
author tried to work with the higher rates of alternation from 
Leyden-jar discharges, but the results were unsatisfactory: the 
8.1.C.’s determined under these conditions were found to agree 
rather with the period of the induction-coil which charged the 
jars than with the osciliation-rate of the discharge from the jars 
themselves. R. A. 


68. Magnetised Iron Cylinders. O. Grotrian. (Wied. Ann. 
52. pp. 735-748, 1894.)—Exception has been taken by du Bois 
and by Ascoli to the conclusions arrived at by the author in 
a former paper, and some further experiments are therefore made. 
Solid cylinders of iron about 3 or 4 diameters long, while mag- 
netised longitudinally by a current, have their magnetisation 
explored—over one end by measuring the force necessary to detach 
a small magnet from different points, and at the middle by using 
two cylinders placed end to end, and having between them 
an exploring-coil connected to a ballistic galvanometer. It is 


32 PHYSICAL SOCIBTY’S ABSTRACTS. 


found that in each case the magnetisation increases from the axis 
outwards. The field near the cylinders, and near hollow ones, is 
also explored with iron filings, and the author deduces magnetic 
screening on the part of the outer layers of the cylinders. L. R.W. 


69. Moravian Magnetite. A. Abt. (Wied. Ann. 52. 
pp. 749-757, 1894.)—Bar-shaped specimens of magnetite and 
pieces of glass-hard steel of the same dimensions are magnetised 
to saturation and their residual magnetisations compared. The 
results are calculated in terms of “ specific magnetism,” 7. ¢. 
magnetic moment per unit mass; and it is found that for spe- 
cimens about 8 cm. long the specific magnetism of magnetite is 
the greater, but that this quantity increases rapidly with the 
length of the body in the case of steel and only slowly in that of 
magnetite, so that for specimens 14 cm. long the reverse holds. 
The author also finds that the force which will demagnetise 
magnetite is smaller than that required by steel. L. R. W. 


70. Measurements in Electric Radiation. Le Zehnder. 
(Wied. Ann. 53. pp. 162-177, 1894.)—While repeating Hertz’s 
experiments on the passage of electric waves through a prism, 
using apparatus of about half the linear dimensions of that used by 
Hertz, and detecting the radiation by its effect upon a vacuum- 
tube (triggertube), the author found it necessary to place screens 
round the edges of the prism. Without such screens the radiation 
passed round the edges, and no definite refracted ray could be 
detected. It was found, however, that the deviation of the ray 
was dependent on.the position of the screens; by moving them in 
a direction parallel to the base of the prism, differences in the 
value of the minimum deviation amounting to 25 per cent. of the 
whole deviation were produced. To avoid the use of screens, 
observations were made by directing the beam from a parabolic 
mirror normally on the first face of the prism; the angle of 
refraction at the second face was then observed. By suitably 
placing the mirror stray radiation could be cut off. A series of 
consistent readings gave 1'935 as the mean index of refraction for 
the prism used, the material of which was a specially dense com- 
mercial asphalt (Travers asphalt, density 2:0 to 2°2). Returning 
to the original arrangement for minimum deviation experiments, the 
prism was removed, and a position of the screeas was found in 
which they did not produce any deviation of the radiation from its 
direction on leaving the parabolic mirror; the prism was then 
replaced, and values varying between 1:926 and 1:940 were found 
for the refractive index. The behaviour of the screens in the 
above experiments indicated the existence of diffractiun phenomena, 
so a grating was constructed with three strips of zinc, each 2 metres 
long and 33 cm. wide, their centres being 80 cm. apart. The, 
radiation fell normally on this grating, and the resulting deviation 
was measured ; the wave-length was found to be 69:4 cm., and 
agreed with that obtained by other methods. The grating was 
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then improved by reducing the number of strips to two, each being 
subdivided into twelve strips of such a size as to respond to the 
incident vibrations. Measurements of the wave-length of the 
vibrator by various methods showed that the radiation contained 
vibrations of several periods; and on examining the radiation 
which traversed the grating, the deviation was found to depend on 
the size of the conductor used as detector. The wave-lengths 
ranged from 66 to 74 cm., the deviations from 56° to 68°, thus 
giving an “electric spectrum.” A new method of detecting nodes 
and loops in stationary vibrations is described in an appendix to 
the paper. The stationary waves were set up between the 
two parabolic mirrors containing the vibrator and _ resonator 
respectively, the latter being a vacuum-tube. Between these 
mirrors the grating-strip of 12 pieces described above was moved 
about, and it was observed that at every half wave-length, 
when the strip passed the nodes of the stationary waves, the 
resonator was unaffected, while at intermediate points its luminosity 
was reduced, and with the strip at the middle of each loop the tube 
was completely dark. J. L. H. 


71. Attempts to reduce the Length of Electric Waves in Lecher 
Wires. Wilhelm Donle. (Wied. Ann. 53. pp. 178-198, 1894.) 
—Lecher’s method of demonstrating the existence of nodes and 
loops in wires traversed by waves consists in sending the waves 
along two parallel wires, the ends of which are joined to the 
electrodes of a vacuum-tube ; a bridge which counects the two 
wires is then moved about until the vacuum-tube ceases to be 
Inminous ; the bridge then joins the centres of two ventral seg- 
ments. The objection to this method is that the waves are usually 
too long to admit of more than one node and loop in each wire, 
and the present paper describes methods of reducing the length of 
the waves so that two bridges can be used simultaneously. The 
shortest waves detected were of 140 cm. length. The detector 
was an ordinary glow-lamp with a broken filament; its two ter- 
minals, which should not be too close together, were joined to the 
ends of parallel copper wires 260 cm. or 460 em. long, according 
to the waves under experiment. The wires were stretched along 
a wooden optical bank, and the bridge was carried by one of the 
stands used with the bank. The waves were obtained from a 
Blondlot vibrator, consisting of two parallel plates, each provided 
with a stout wire bent twice at right angles; the two wires 
terminated in aluminium knobs, and formed a spark-gap. Round 
these two wires was coiled a carefully insulated wire, the ends of 
which were joined to the plates of a second similar but smaller 
vibrator. The coil of wire surrounding the discharge-circuit of 
the latter vibrator was connected to the Lecher wires. Sometimes, 
however, they were joined to a third vibrator, and this to the 
Lecher wires. The waves set up in the Lecher wires were found 
to be independent of the size of all vibrators except that imme- 
diately connected to them, but they were not pure tones. When 
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more than two bridges were used at the same time, the nodes were 
not equidistant; the distance between them increased as they 
approached the ends of the wires furthest from the vibrator. 
Ebert and Wiedemann, working with similar wires but using a 
condenser in place of the glow-lamp, found a similar effect, but in 
their case the nodal distance decreased as the condenser was 
approached. In each case the wave-length seems to increase as 
the waves recede from the capacity in the circuit. Lecher regards 
the rectangle formed by two bridges and the parts of the two 
wires contained between them as a resonant circuit, while the 
author regards the bridges as connecting nodes of stationary waves, 
analogous to those of Melde’s experiment in Sound. According 
to Lecher’s theory, the positions of the bridges should be altered 
by bringing the two wires closer together, the rectangle remaining 
of constant circumference; while on the author’s assumption the 
nodes should not be disturbed. The results seem to indicate an 
approach to,constancy in the nodal points, but the glow-lamp is 
not a sufficiently delicate detector to permit of a conclusion being 
drawn on this subject. Je Bee & 


72. Dyes in badly conducting Electrolytes. O. Lehmann. 
(Wied. Ann. 52. pp. 455-461, 1894.)—The author finds that when 
a current is passed through water or other badly conducting liquid 
which has been coloured with an aniline dye, regions in which the 
colour is changed are formed round both electrodes and travel 
outward from thence. It is shown that their propagation is not 
due to motion of the fluid, though its velocity is decreased as 
the viscosity is increased by the addition of gelatine, sugar, or 
glycerine. When these regions meet, other colour-effects are 
produced near the area of junction, and the liquid there becomes 
agitated and heated. The author attributes these phenomena to 
the diffusion of the products of decomposition from the electrodes 
through the liquid. He further finds that if a current is passed 
through a layer of coloured gelatine on a glass slide, elevations of 
the surface are produced round the electrodes and travel with the 
regions of colour-change, giving rise to other changes of level 
when they meet. It is also shown that if the liquid contains 
small particles suspended in it, changes in their state of aggrega- 
tion are produced which can also be used to study the progressive 
change round the electrodes. ; L. R. W. 


73. Villart Point in Nickel. A. Heydweiller. (Wied. 
Ann. 52. pp. 462-472, 1894.)—The author establishes the im- 
portant fact that, in the case of a nickel wire, if the intensity of 
magnetisation is small, 2. ¢. 5 c.¢.s. or less, the magnetic suscepti- 
bility at first increases and then diminishes with pulling stress. 
He also shows the existence of considerable hysteresis when cyclic 
pulls and pushes are applied to the wire. L. R. W. 
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74. High-frequency Experiments. F. Himstedt. (Wied. 
Ann. 52. pp. 473-485, 1894.)—An account of some experiments 
made with apparatus similar to that used by Tesla for attaining 
high-frequency discharges. A Pt wire (0-05-0-1 mm. diam.), con- 
nected between the terminals, at first begins to glow, it then 
develops a gentle swinging motion as a whole; finally, it sets itself 
into a zigzag line with sharp bends 0-5 to 1 mm. in length, which 
remain after the interruption of the current. If the wire, to start 
with, is given a sag, the bends take up all the slack, so that the 
axis of the zigzags becomes a right line, about which the bends 
radiate in all possible planes to one another. A series of tests was 
made to determine the most suitable material for the points of a 
spark-micrometer: the author decides upon zinc. If one pole of 
the high-frequency transformer is connected to earth, and a wire 
about 2 m. long is stretched straight out from the other pole and 
then bent back in the middle, so that the second half lies parallel 
to the first, at a distance of about 5 cm. from it, the discharge is 
visible at all the outer points of the U, but the inner surface of 
the bend remains dark. A card submitted to the discharge is 
pierced in many (50-100) places, and not simply in a single point. 
It is shown that the sign of the electric discharge about the pole 
of a Tesla apparatus depends upon the gas forming the surrounding 
medium; thus, by taking two metallic points from the same pole, 
and discharging one in ordinary air and the other, at the same 
time, in hydrogen, an electroscope detects positive charges in the 
air and negative charges in the hydrogen. R.A. 


75. Hagenbach-Zehnder Experiments. Kr. Birkeland. (Wied. 
Ann. 52. pp. 486-495, 1894.)—A discussion of some previous 
papers of Zehnder and others relating to the use of a spark- 
gap apparatus for detecting electric oscillations. A wire is bent 
into a rectangular frame, and a spark-gap is formed at the 
middle of one of the sides. A cut is made in the side of the 
frame opposite the spark-gap, and into this cut is inserted a 
simple mica condenser, the terminals of which are connected with 
a telephone. Ina second arrangement the telephone takes the 
place of the galvanometer in a Wheatstone’s-bridge system, and 
the condenser (which is still in the frame) forms the battery-arin. 
The author discusses the conditions which determine whether 
there is to be a sound in the telephone when the frame is 
influenced by electric oscillations. If the distance between the 
spark-balls exceeds sparking distance, for a given field, it is shown 
that the total quantity of “free electricity,” at any instant, con- 
sidered with respect to both halves of the frame, is always zero ; 
and the telephone in such a case is silent. When, however, the 
spark-gap is reduced, and a spark is allowed to jump across it, the 
balance of opposite charges no longer holds, and the telephone, 
consequently, responds. On the other hand, for the more vigorous 
discharge-rushes, the condenser affords an easier path than the 


telephone, and takes the principal portion. Pan shetaore 
DZ 
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begins to be restored by way of the mica sheet of the con- 
denser, and it is only the remnant, left beyond this weakening, 
which affects the telephone. R. A. 


76. Demonstration of Hertz Experiments. P. Drude. (Wied. 
Ann. 52. pp. 499-508, 1894.)—The author describes several 
arrangements by which electric oscillations in a resonator can be 
detected without the necessity of darkening the room. These 
are based on the fact that a spark between two electrodes 
breaks down the insulating medium between them, and affords a 
passage for any discharge between the electrodes (compare the 
‘Warburg-Zehnder trigger-tube *). An electroscope charged by a 
dry pile has its leaves and case connected respectively to the two 
electrodes of a vacuum-tube, which is inserted as the spark-gap in 
a rectilinear electric resonator. When the resonator responds to 
vibrations falling on it, the vacuum-tube becomes luminous and the 
electroscope is discharged ; its leaves therefore collapse, diverging 
again as soon as the vibrations cease. The vacuum-tube used was 
a trigger-tube, the connections being made to the two auxiliary 
electrodes. In order that the resonance might not be affected by 
the electroscope connections, the latter were made near the nodes 
of the resonator, that is about midway between its electrodes 
and its ends. Jor shorter waves the two electrodes were directly 
connected by a wire, from the centre of which the electroscope 
connection was made ; the other electroscope connection was made 
to a third electrode in the tube. By projecting an image of the 
electroscope-leaves on a lantern-screen, most of the Hertz experi- 
ments can be shown without darkening the room. Among those 
described are the formation of stationary waves in front of a plane 
metallic mirror, experiments with parabolic mirrors, the action of 
a grating of wires and of screens, the phenomena of multiple 
resonance, the distribution of electric and magnetic force round a 
rectilinear oscillation, and the existence of resonance in closed 
circuits. Ale lbp, 180 


77. Influence of Pressure on the Specific Inductive Capacity 
of Waier and Ethyl Alcohol. W.C. Rontgen. (Wied. Ann. 
52. pp. 593-603.)—This work was undertaken for the purpose of 
testing Lorentz’ formula, 


It was found that the capacity of a condenser consisting of two 
concentric tubes filled with water or alcohol was not decidedly 
influenced by subjecting it to a pressure of 300 or 500 atmo- 
spheres in a Cailletet compression-pump. A slight increase of 
capacity was observed in the case of water, but it did not attain 
1 per cent. and could not be accurately measured. The above 


* L. Zehnder, Wied. Ann. 47. p. 77, 1892. 
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formula is therefore not valid for wider ranges of pressure. The 
capacities were measured by the alternate-current method, and it 
was incidentally found that the capacities appeared to increase 
with the period of alternation. The resistance of the water 
diminished as time went on-or as the pressure was increased, 
whereas that of the alcohol increased. The sp. ind. capacities of 
water and ethyl alcohol were found to be about 86 and 30:5 
respectively. BH. EB 


78. Supposed Anomaly of the Conductivity of Aqueous Solu- 
tions at 4°. C. Déguisne. (Wied. Ann. 52. pp. 604-606, 
1894.)—Dr. Silvio Lussana’s statement that the temperature- 
coefficient of dilute saline solutions shows a maximum at 4° C. 
was shown to be erroneous, by measurements made with solutions 
of potassium, strontium, and barium nitrates, which were supposed 
to show the most pronounced maximum. The observed con- 
ductivities agreed with the formula k =%,{[1+a(t—4)]. The 
author attributes Dr. Lussana’s results to an unequal distribution 
of temperature in the liquid. K. E. F. 


79. Conductivity of Ethyl and Methyl Alcohol Solutions. B. 
Volimer. (Wied. Ann. 52. pp. 328-356, 1894.)—The ethyl 
alcohol used for these measurements had a specific gravity 
corresponding to 100 per cent. in Mendelejeft’s tables. Its con- 
ductivity, compared with mercury at 18°, varied from 0:3 x 10-10 
to 0-062 x 10—° that of a sample distilled from lime with which it 
had been standing for three months. ‘The methyl alcohol had a 
mean conductivity of 1-2 x 10—1° with a lower limit of 0°88 x 10-12, 
The salts dissolved in ethy! alcohol were LiCl, K1, Nal, sodium 
and potassium acetates, NaCl, AgNO,, CaCl,, and Ca(NO,),; in 
methyl alcohol, potassium and sodium acetates, KI, NaI, and LiCl. 
In the case of ethyl alcohol, the temperature-coetlicient of con- 
ductivity increases with increase in dilution. The relation between 
the temperature-coefticients for conductivity and viscosity is shown 
in the following table, where A is the former and A, is the latter 


coefficient :— 


he Me 
Ethyl Alcohol ...... 1-84 per cent. 1:78 per cent. 
WWetor teen syne e es» DOB o16uye 
Methyl Alcohol .... 1°8 = 1:45 . 


A table is given of the molecalar conductivities of these salts, and 
the ionisation in dilute solutions is calculated, but does not agree 
with Ostwald’s law deduced from aqueous solutions. The limiting 
values of the molecular conductivity for methyl and ethyl] alcohol 
solutions may be found by multiplying that for aqueous solutions 
by °73 and °34 respectively. 8. 8. 

[Compare with these numbers those found by Whetham (Phil. 
Mag. Oct. 1894) on the supposition that the ionisation depends 
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directly on the specific inductive capacity of the solvent and 
inversely on its viscosity. 


Methyl Ethyl 
Water. Alechol. Alcohol. 


Whetham . .. 100 63 26 by theory. 
% “hie wet OO 70 23 by experiment. 
Vollmer. 5 ora 00 73 34 3 


S. 8.] 

80." Studies of Gas-Batterics. F. 3S. Smale. (Zschr. phys. 
Chem. 14. pp. 577-621, 1894.)—The object of the investigation 
was to find whether Nernst’s theory of liquid-batteries applies to 
egas-batteries, as supposed by Prot. Ostwald. It was found that 
the E.M.F. of the gas-battery is independent of the size and 
quality of the electrodes, provided they are not attacked. The 
H.M.F. is also independent of the nature and the concentration 
of the electrolyte, since an approximately constant value of 
1:075 volt resulted from the employment of acids, bases, and 
salts as electrolytes. Lower values, such as those obtained by an 
H-HCI-O cell, appear to be due to secondary actions. When 
hydrogen was used at both electrodes, over the same electrolytes 
with different concentrations, the pole surrounded by the more 
concentrated solution was always positive. The temperature- 
coefficient of the H-O battery was 0001411. The further deve- 
lopment of Nerust’s formula for increasing temperature may be 
formulated as follows :—the solution pressure (Nernst’s Losungs- 
tension) varies inversely as the absolute temperature. E. E. F. 


81. Dielectric Constants. W. Nernst. (Zschr. phys. Chem. 
14. pp. 622-663, 1894.)—The author assumes that the electrical 
behaviour of isotropic substances, at given temperature, is deter- 
mined by two constants, both of which are of the nature of 
“conductivity.” The first is “ conductivity” in the general sense ; 
the second is the measure of the facility with which a given 
substance transmits electrostatic influences. He denotes these 
constauts by the terms “galvanic conductivity ” and “ dielectric 
conductivity” respectively; for clearness, we refer to them as 
“conductivity” and “8.I.C.” It is shown that in the bridge 
method of comparing capacities, where two condensers, formed of 
different dielectrics, are balanced against two resistances—using 
alternating current and telephone—-compensation should be pro- 
vided for the difference of conductivity of the two condensers. A 
method is described in which non-inductive resistances are added 
to the condenser bridge-arms for this purpose ; it is applied to the 
measurement of the S.1.C. of some partially vonducting fluid 
dielectrics as well as to the more perfect insulators. It has 
further been used to determine the variation in 8.1.C. of sub; 
stances in different states of purity, and, consequently, in different 
conditions of conductivity. Tests follow upon Water, Aniline, 
Benzol, Amyl alcohol, &¢, The apparatus is described at some 
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length ; it includes various condenser devices for Jiquid dielectrics ; 
there is also given an account of an electrostatic telephone for use 
in special cases. Bua’ 

82. Influence of Pressure on Electrolytic Conductivity. I. Fan- 
jung. (Zschr. phys. Chem. 14. pp. 673-700, 1894.)—When 
an electrolyte is compressed there will be more ions between 
two electrodes at invariable distance. A correction is made for 
this, and for dilute solutions the compressibility is taken as the 
same as that of water. Twenty different electrolytes are used. 
The effect of an increase of pressure is found to cause an increase 
in conductivity very much larger in the case of free organic acids, 
than in the case of HCl, NaCl, and the sodium salts of the organic 
acids. The increase in conductivity for the latter group is of the 
same order as the increase in the viscosity of water with pressure 
observed by Cohen. The value of the conductivity at infinite 
dilution, w,,, at any pressure, p, is found to be expressed by the 
equation 


fon =", oe ap). 
With all the organic acids a pressure-increase produces an increase 
in ionisation. Accepting the general principle that substances 
tend to pass into a state in which they occupy less volume when 
they are submitted to pressure, it appears that in the ionised state 
the organic acids occupy less volume. This volume-diminution is 
calculated for the organic acids, and is found to be not very 
different for all the organic acids examined. 8.8. 


83. Potentials of Hydrogen and of some Metals. B. Neumann. 
(Zschr. phys. Chem. 14. pp. 193-230, 1894,)—Hydrogen absorbed 
by spongy platinum precipitates Au, Ag, Hg, Pd, Cu, As, Sb, Bi 
from their solutions (not the other metals) because the hydrogen 
is alloyed and can pass into the ionic state. In various normal 
acids, hydrogen does not acquire the same potential, because they 
are dissociated to a different degree. The absolute potentials of H 
are: in sulphuric acid (60 p. ¢. of dissociated molecules), — 0-238 ; 
hydrochloric acid (90 p.c.), —0-149; phosphoric acid (8 p. ¢.), 
— 0-205; acetic acid (1 p.c.),—0°15. It is immaterial whether the 
H is absorbed by platinum or by palladium. In the third part of 
the paper Neumann determines the absolute potentials of twenty 
metals (as such or amalgamated) in solutions of their own salts. 
The values, except those for Al, agree with Wright and Thomson’s. 
That the anion has no influence upon the potential, provided the 
state of dissociation be maintained, is proved by experiments with 
24 thallium salts ; a monovalent metal was chosen for the sake of 
simplicity. The last part gives the absolute potentials of over 
forty reducing and oxidising agents. Hee. 


—— 


84. Electric Convection, Sedimentation, and Diffusion. O. 
Lehmann. (Zschr. phys. Chem. 14. pp. 301-316, 1894.)—When 
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electrodes immersed in liquids are highly charged with alternating 
currents, regular convection-currents are set up. With continuous 
currents, diselectritication of the particles is more difficult ; clear 
spaces form round the electrodes, in which vortex motions can be 
noticed. Lehmann examines these phenomena under the micro- 
scope by admixing oils, varnishes, soluble and insoluble colouring- 
matters to water. Friction against the glass, and the conductivity 
of the particles complicate the phenomena, and give rise to secon- 
dary poles, Prussian-blue in acetal gives very pretty streaks like 
little fish which face the positive pole and rapidly turn round on 
reversing the current. Unless the pressure is driven too high, the 
particles will generally aggregate near one pole. Holtz has been 
trying to utilise this electric sedimentation. If electrolytic action 
is possible, as in the case of liquid chinese-ink, which contains glue 
and certain salts, the phenomena become more complicated. Dark 
or light spaces form round the electrodes with well-defined edges, 
which, overlapping, produce colourless zones with dark fringes, 
some parts being in violent agitation. Lehmann experimented 
with very many dyes, congo-red, eosin, malachite-green, &c., in 
water, alcohol, glycerin (which proved very suitable), and gelatine. 
The end is mostly formation of a precipitate somewhere between 
the electrodes. There seems to be chemical decomposition at the 
electrodes, and an abnormally rapid electric diffusion of the decom- 
posed particles. Induction-machines were used. iB: 

85. Conductivity of Solutions of Calewwm, Strontium, and Barium 
Salts, A. C. MacGregory. (Wied. Ann. 51. pp. 126- 
139, 1894.)—The author has determined by Kohlrausch’s method 
the conductivity of aqueous solutions of the sulphate, chloride, 
nitrate, and acetate of calcium, the chloride, nitrate, and acetate of 
strontium, barium chloride, silver acetate, and potassium oxalate. 
The concentration of the solutions in gram-equivalents per litre 
varied, in general, between 0-0001 and 3. The temperature of 
observation was, as a rule, 18°, Expressed as a function of the 
concentration, the molecular conductivity gives regular curves 
which are almost rectilinear, unless in the case of the most dilute 
solutions of silver acetate. The author finds that for conductivity 
observations the optical telephone of Wiens and the ordinary tele- 
phone serve equally well. He also finds that very pure water 
(K=1:3x107"°) may be obtained by the use of condensers of 
good glass, provided sufficient time be allowed for the condenser to 
be well washed out by the distillate before any is collected for 


use. J. Wa R. 


86. Polarisation at Precipitated Septa between EH iectrolytes. P. 
Springmann. (Wied. Ann. 51. pp. 140-155, 1894,)—Two 
electrolytic solutions which, in contact, form a precipitate are. 
separated by a porous partition of parchment, clay, or gypsum, a 
current is passed from one solution to the other, and the electro- 
motive force of polarisation is measured. The paper is concerned 
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with the influence exerted on the polarisation by the current- 
density, the concentration of the solutions, the temperature, and 
the nature of the porous partition and precipitate. J. W..R. 


87. Standard Cells. K. Kahle. (Wied. Ann. 51. pp. 174- 
203, 1894.)—The preparation and constancy of the Rayleigh H 
pattern of cell is first examined. Results are stated in terms of 
"00001 volt. The E.M.F. of an H cell prepared with well-purified 
chemicals will not differ 0001 volt from the normal value, and 
in experiments on 29 cells extending over 14 years no greater 
variation than ‘0001 volt from the mean has been observed. The 
influence of impurities is studied by adding Mg, Na, As, Pb, Cd, 
Fe to the zinc amalgam, and MgSO,, FeSO,, ZnO to the zine sul- 
phate ; amalgamated zinc is also tried; and it is concluded that 
with the H form of cell disturbing influences which would cause 
greater variations than ‘0001 volt can without great difficulty be 
avoided.—Feussner’s pattern of cell. The E.M.F. of this pattern 
is as constant as that of the H form, but the mean value of the 
cells examined was about :0003 volt higher than the mean for the 
H cells.—Four cells were prepared according to the Board of Trade 
memorandum, and it is concluded that they do not satisfy the 
requirements of a standard.—The temperature-coefficient for the 
H pattern for the range of temperature between 10° and 30° is 
—0:000814—0-000007 (¢—15). With this coefficient, provided 
the cells are protected from sudden variation of temperature, it is 
possible to obtain a value of E.M.F. accurate to ‘0001 volt, and, if 
there are sudden variations, to -001 volt. The other cells did not 
work regularly. A determination of the absolute value of the H.M.F. 
to a greater degree of accuracy than 1°438 volt at 15° should now 
be made, since the H cells have so great constancy. 8. 8. 


88. Standard Cells. K. Kahle. (Wied. Ann. 51. pp. 204— 
211, 1894.)—The following points may be noticed as being slightly 
different from the mode of procedure recommended by the Board 
of Trade. The containing vessel is a moditied H, and the two 
platinum electrodes are sealed through the glass. The zinc amal- 
gam consists of 9 parts by weight mercury and 1 part by weight 
zine. The zinc sulphate is tested with congo-red for acid, and 
with potassium sulphocyanide for iron. If there is no reaction in 
each case, the salt may at once be used. If acid be present, equal 
weights of the crystals and water are digested with zinc filings 
until all evolution of gas ceases, and the solution on cooling gives 
a precipitate of Zn(OH),, coloured brown with iron oxide. To 
remove the last traces of iron, the solution is to be electrolysed 
with a current of -2 ampere and electrodes 50 square cm. in area, 
at 60° to 80° C. for six hours. It should then be acid and iron free. 
If not, it is to bere-treated. The solution, free from iron and acid, 
has 50 grams of purified mercurous sulphate added to every litre 
to react with the basic zine sulphate. Crystals from this solution 
are ready for use. If the mercurous sulphate is slightly yellow, it 
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indicates the presence of basic salt which must be converted by 
dilute sulphuric acid to the uormal salt. The acid is then to be 
removed until the first traces of a yellow colour appear, indicating 
the complete removal of the excess of acid. 8.8. 


89. Kathode Rays. P. Lenard. (Wied. Ann. 51. pp. 225— 
267, 1894.)—Kathode rays, which Hertz had proved to be capabie 
of transmission through thin metallic plates, may be obtained 
and studied outside the vacuum-tube in which they are produced 
by letting them impinge upon a ‘“ wiadow” made of a small 
piece of aluminium 0:00265 mm. thick, which is inserted in the 
wall of the tube facing the kathode. The rays produce a faint 
diffused glow in the air just outside the window, and make phos- 
phorescent bodies shine brightly. They produce no sensation on 
the retina direct. They are deflected off the window by a magnet 
and intercepted by thin quartz, but not by thin glass or collodion. 
Air is a turbid medium for kathode rays when at atmospheric 
pressure. The rays are propagated and diffused in it in the same 
manner as a beam of light in milk. They are photographically 
active, about as much so near the window as the sun on a misty 
day. In high vacua, on the other hand, the propagation tends to 


become rectilinear. When a tube exhausted to 0:01 x 107° atmo- 
spheres adjoined the window, the rays were propagated in straight 
lines to a distance of 155 m. The author concludes that the 
kathode rays are processes in the ether, and, like light, independent 
of the presence of matter for their propagation. Other gases 
behaved in the same manner as air. The amount of diffusion and 
of illumination by the passage of the rays is strictly proportional 
to the density of the gas. The turbidity also depends upon the 
pressure at which the kathode rays are generated. At lower pres- 
sures in the generating tube the rays were sharper outside, and 
vice versd. For kathode rays, gases which are practically homo- 
geneous as far as light is concerned are made heterogeneous by 
their molecular structure. HK. EB. F. 


90. Polarisation and Electrolysis. O. Wiedeburg. (Wied. 
Ann. 51. pp. 302-345, 1894.)—In this paper the author seeks to 
represent analytically what is known regarding polarisation, and 
to evaluate the quantities which shall accurately measure the 
polarisation. ‘The assumptions upon which his discussion is based 
are :—(1) The active electromotive force drives the ions to the 
electrodes ; there they become the seat of new electromotive forces, 
which, acting in opposition to the original electromotive force, 
regulate the current according to Ohm’s law. (2) All the ions 
which reach the electrodes are not instrumental in producing 
back-electromotive force ; some are neutralized and lose their ionic 
character. (8) The number of ions which can accumulate at an 
electrode is limited. At any instant the number accumulating is 
proportional to the difference between the number already present 
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and the limiting number. Some of the consequences of the theory 
are in accord with known facts, but the author is still engaged 
upon the experiments which were specially designed to test its 
validity. J. W.R. 


91. Feeler Electrodes for finding Resistance of Electrolytes. 
F. Kohlrausch. (Wied. ee 51, pp- 346. 950, 1894.) —The 
conductivity of a liquid is usually determined in a resistance-cell 
to which the electrodes are permanently attached. The author 
here describes three forms of electrodes which can be dipped into 
the liquid contained in any suitable vessel. The electrodes are 
small and are made of platinized platinum fitted to capillary tubes 
which serve to make the connections. The forms are designed 
respectively for very feeble, feeble, and good conductors. 

J. W. RB. 


92. Measurement of Coefficients of Induction. M.H. Abraham. 
(J. de Phys. 3. pp. 145-159, 1894. )— Coefficient of Mutual Induction. 
One of the coils, whose coefficient of mutual induction is required, 
is connected in series with a resistance and a make-and-break (K) 
to the terminals of a battery of low internal resistance, prefer- 
ably an accumulator. This inducing circuit has a resistance R 
(of. order 1000 ohms). The other coil is put in series with a 
standard resistance r (of the order 1 ohm), a make-and-break 
(K’), one coil of a differential galvanometer G of about 5 ohms, 
and aresistance; the resistance of this induced circuit is R’+7, 
and is of the order 100. Connected also to the terminals of the 
battery is a resistance C (about 1000) in series with a resistance B 
(10), and to the terminals of B is connected a resistance A (order 
1000 but adjustable) in series with the other coil G (5) of the 
differential galvanometer. ‘This latter circuit is called the com- 
pensator-circuit. The contacts K and K’ are made by a rotating 
commutator driven by a motor whose speed is noted by a strobo- 
scopic method; they are made and broken thus: K’ closed, K 
closed, K' opened, K opened. The resistance A is adjusted until 
there is no deflection in the galvanometer, when the commutator 
closes, and breaks the circuit » times per second. The commutator 
is then stopped so that both circuits are closed, a break made in the 
inducing circuit, the ends of which are connected to the terminals 
of r, and A adjusted to A’ to again give a balance. Then as an 
approximate formula (accurate to 1 in 10,000) 

joxk R. A'+G+B 


a" Rr’ A+G+B 
The stroboscopic method of obtaining the speed consists in attach- 
ing to. the end face of the axle of the motor a dise divided into 
concentric circles having respectively 1,3, 4... 8 black sections 
on awhite ground. This disc is lighted intermittently by reflecting 
on to it through a lens the light of a glow-lamp by means of a 
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mirror attached to an electrically driven tuning-fork, and arranging 
the speed of the motor so that one of the circles appears im- 
moveable. 

Coefficient of Self-Induction. A Wheatstone’s bridge is em- 
ployed, the branches P, Q, and S are inductionless, and L the coil 
whose coefficient is to be measured is inserted in R; the battery 
is connected through a resistance of about 1000 and the make- 
and-break K ; and one coil of the galvanometer through the make- 
and-break K’, both in the usual manner ; the compensator-circuit 
is the sameas before. The bridge is carefully balanced for constant 
current, the commutator started, and A adjusted to give a balance. 
The commutator is then stopped, and a standard resistance r (of 
the order 1) inserted in R, the compensator-circuit being adjusted 
to give a balance by altering A to A’. Then to within one part in 
1000, 

Tee 2P+G <A’'+B4+G 

n° 2P4+G+r° A+B+GQ’ 
when P=Q= between 50 and 200 ohms. In both the above 
methods the author claims that an accuracy of one part in 1000 
can be fairly easily obtained, the only quantities necessary to be 
accurately known being the speed ~ (which should not be greater 
than 12), and the standard resistance r, for which he usually 
employs a standard ohm; the other resistances only come in 
as corrections, and need not be so accurately known. E. C. R. 


93. Thermoelectric Cells of Metals and Sait Solutions. A. Ha- 
genbach. (Wied. Ann. 53. pp. 447-480, 1894.)—Two metal 
plates were immersed in a salt solution, and the liquid round one 
electrode gradually heated, while the temperature of that round the 
other was kept constant. Tables and diagrams are given showing 
the total electromotive force produced at each temperature, with 
different strengths of solution. When the metal of the electrodes 
was the same as that of the salt in solution, it was found that the 
differences in thermoelectromotive force produced by alterations 
in concentration were different for different salts, but that for 
similar acids the maxima fell at equivalent positions. The electro- 
motive force increased faster than the difference in temperature, 
especially with dilute solutions. No maximum at 5 p. cent. was 
found, as Ebeling thought, but the electromotive force increased 
still further with increasing dilution and seemed to tend to a limit- 
ing value, as Nernst’s theory requires. When, on the other hand, 
platinum electrodes were used, the thermoelectromotive forces 
remained very similar for various sulphates and chlorides, both in 
magnitude and in variation with concentration. The differences 
in electromotive force produced by variations in concentration 
were in general greater than with unpolarisable electrodes. The 
change in thermoelectromotive force with rising temperature 
seemed to depend only on the temperature itself, and not on the 
difference in temperature. The green modification of chrome-alum 
gave a higher electromotive force than the violet. W.C. D. W. 
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94. Locus of Charge of a Condenser. A. Kleiner. (Wied. 
Ann. 52. pp. 728-734, 1894.)—An attempt is here made to localise 
the various electric charges of a condenser; to determine what 
proportion of the total charge is held by the dielectric, and what 
proportion belongs to the conducting coatings. Separable con- 
densers, made by coating thin mica sheets on one side with tin-foil, 
and floating them, foil side upwards, upon a mercury surface, were 
used for this research. After charging, the mica plates were lifted 
from the mercury ; the tin-foil dises were then removed from the 
mica by insulating pincers, and connected to earth. The condenser 
was now built-up again, and discharged through a galvanometer. 
Immediately afterwards, the condenser was charged and discharged 
in the usual way, through the galvanometer. The difference of the 
two galvanometer-readings is assumed to be a measure of the part 
of the total charge held by the tin-foil. Owing to the numerous 
difficulties which attend such tests, the results are given, in their 
present stage, with some hesitancy. R. A. 


95. Movement of Dielectric Body mn Homogeneous Electric Field. 
L. Graetzand L. Fomm. (Wied. Ann. 53. pp. 85-94, 1894.)— 
It is here stated that, according to the generally accepted theory 
of dielectrics, a very small, homogeneous, isotropic, dielectric sphere, 
or ellipsoid, should neither rotate nor move progressively, when 
freely suspended within a uniform electrostatic field. The con- 
flicting fact that thin rods and thin discs (particular cases of 
ellipsoids) do rotate in such a field, leads the authors to consider 
some modifications of Maxwell’s hypothesis. Experiments are 
made upon dises of various dielectrics, in fields presumed to be 
uniform; the discs are suspended from bifilars between two con- 
denser-plates. The results indicate that if V is the potential- 
difference between the plates of the condenser, and a the angle of 
rotation of the dielectric dise which V produces, then V=Cw#a, 
where C is a reduction-factor. Having established this relation 
for a particular apparatus, it was used afterwards as a “ dielectric 
voltmeter.” When alternating pressures of high frequency were 
to be measured, a difficulty appeared in attaining a uniform field 
between the condenser-plates ; for although, by having the con- 
ducting plates large as compared to the dielectric disc, the field was 
considered uniform as regards space, yet, owing to the rapidity of 
change of potential through the dielectric, there was likely to be 
heterogeneity of field in point of time,—due to phase-progression. 
The experiments seem to show, however, that the rotation was the 
same whether the alternations were of high or low frequency; the 
effect is therefore not regarded as of much importance. R.A 
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96. Change of Free Energy on miaing Concentrated Solutions. 
W. Nernst. (Wied. Ann. 53. pp. 57-68, 1894.)—The author 
finds that in general the greatest amount of work which can be 
obtained by mixing two solutions of different strengths in the same 
solvent is equivalent to the heat evolved by the process, or that 
the alteration in free energy coincides with the alteration in total 
energy. The maximum amount of work can be calculated by 
following some reversible process by which mixing can be effected, 
such as electrolytic transfer, isothermal distillation, &e. Two 
calomel cells made up with zine-chloride solutions of different con- 
centrations, joined in series against each other, give a balance of 
electromotive force which is nearly independent of the temperature, 


1H 
so that E—Q=T Fp =0 and E=Q. From Regnault’s numbers 


for the vapour- pressures, the work done ia transporting one gram- 
molecule of water from one solution of sulphuric acid to another of 
different strength can be deduced. The heat-evolution corresponds 
with the change in free energy, except in the case of very strong solu- 
tions, the data for the vapour-pressures of which are very doubtful. 
The variations from the normal case of proportionality to the 
number of molecules in solution, which are shown by the depression 
of the freezing-point and vapour-pressure, stand in close connection 
with the heat of dilution. With substances possessing positive 
heat of dilution, the lowering of vapour-pressure increases faster, 
and with substances having negative heats of dilution slower, than 
in proportion to the number of dissolved molecules. All natural 
processes are subject to the relation 


Ro0=t 


4 
dT’ 
where F= decrease of free energy and Q the decrease of total 
energy. In the case of concentrated solutions the above considera- 


tions show that F=Q. W.C. D.W. 


97. Diffusion in Alcohol. W. Kawalki. (Wied. Ann. 52. 
pp- 800-327, 1894.)—Tables are given for the diffusion-constant of 
certain salts in alcoholic and in aqueous solution. The salts ex- 
amined are Nal, LiCl, potassium and sodium acetates, Ca(NO,) 
KI, AgNO,. The temperatures at which the measurements are 
made being slightly different, the author is able to calculate the 
temperature-coeflicient and confirms the result of de Heen that 
this is independent of the nature of the salt. He finds a mean 
coefficient of -024, and de Heen found for aqueous solutions alone 
the result ‘026. A table is given showing the ratio of the dif- 
fusion-constant for aqueous and alcoholic solutions, and the average 
result is about 3. This is compared with the ratio of the conduc- 
tivity for infinite dilute im aqueous and alcoholic solutions, and 


CHEMICAL PILYSICS, 47 


this number is found to be approximately 3. The results with 
stronger solutions are more concordant than with dilute, convection- 
currents interfering in the latter case. The actual value of the 
diffusion-constant is greater when the initial concentration is 
smaller. The results for Nal, potassium acetate, KI, and sodium 
acetate agree very well with Nernst’s formula deduced from the 
theory of ionisation. Sao 


98. Influence of Pressure on the Properties of Solutions. G. 
Tammann. (Zschr. phys. Chem. 14. pp. 483-445, 1894.)—The 
internal pressure of a solution can be represented by Q=K+AK+yp, 
where K is the internal pressure of the solvent, and p the external 
pressure. The change of internal pressure can be connected with 
the alteration in physical properties, and hence, by observation of 
the influence of external pressure on the properties of a solution, 
the difference between the internal pressures of the solvent and 
solution can be deduced. Experiments on the influence of external 
pressure on electric conductivity have been made by Finks, and 
from his results for sodium-chloride, hydrochloric-acid, and zinc- 
sulphate solutions the values of AK are calculated. The change in 
conductivity may be due toa change in the number of free ions, or 
in the frictional resistance of the liquid to their motion, probably 
the latter. W: C2 DLW 


99. Study of Gas Reactions by Volume Alteration. MM. von 
Recklinghausen. (Zschr. phys. Chem. 14. pp. 491-505, 
1894.)—The vessel containing the reacting gases was connected by 
means of a long narrow tube full of air with a self-registering 
manometer. ‘The air in the tube served to isolate the gases, and 
hence contact with any liquid was avoided. Observations were 
made on mixtures of hydrogen and chlorine, and of carbon mon- 
oxide and chlorine in diffused light. As svon as the light was 
allowed to fall on the mixed gases there was a rapid increase of 
the volume for a few seconds, followed by a diminution that got 
gradually slower till the reaction was complete. In the case of 
hydrogen and chlorine, the author found that if the light was 
removed after acting for a few seconds, the volume sank at once to 
very nearly the original volume of the mixture. If the gas was 
then re-iliuminated, the volume rose again, but not so high as it 
was just before the light was removed, from which the author 
concludes that when the formation of HCl is once started the 
reaction continues for a time even in the dark. Ethylene and 
chlorine, which combine without the action of light, showed no 
increase of volume at the beginning of the reaction. The gases 
used were not specially pure and contained one or two per cent. 
of air. Jo Woe. 


100. Application of Kohlrausch’s Method to Measurement of the 
Conductivity of Slightly Dissociated Substances. ML, Wildermann. 
(Zschr. phys. Chem. 14. pp. 231-246, 1894.)—The conductivity of 
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solutions of dichloracetic, trichloracetic, and (3 resoreylic acids in ab- 
solute alcohol was determined by Kohlrausch’s method. Ostwald’s 
formula for the effect of dilution on conductivity as deduced from 
the dissociation theory, expresses the results of the measurements 
in the case of trichloracetic acid. . The dissociation of acetic acid 
and its chloro-derivatives increases as the number of chlorine atoms 
gets greater in alcohol as it does in water. Resorcylic acid does 
not fall in the same place as in aqueous solutions. The author 
considers Kohlrausch’s method inconvenient for slightly dissociated 
substances like these. Bis) oie WeceDiw:. 

101. Measurement of the Hlectric Conductivity of Slightly Dissociated 
Compounds. IMI. Wildermann. (Zschr. phys. Chem. 14. pp. 247 
~271, 1894.‘\—In cases where Kohlrausch’s method is inconvenient 
good results can be obtained by using higher E.M.F.’s (140-150 
volts), and thus making the polarisation practically negligible. A 
galvanometer is used instead of a telephone. The conductivity 
is deduced from observations on the current, the external re- 
sistance being always very large. The solutions were contained 
in long thin tubes of various dimensions. The results for aqueous 
solutions of oxalic and acetic acids agreed with those given by 
Koblrausch’s method, and observations were then made on alcoholic 
solutions of dichloracetic and trichloracetic acids. The latter obeys 
the dilution law up to a temperature of 25° C. Wa C2 DaWe 


102. Rate of Reaction and Boiling-Point. J. E. Trevor and 
F. L. Kortright. (Zschr. phys. Chem. 14. pp. 149-150, 1894.) 
—The authors investigate the rate of reaction in the case of the 
hydrolysis of cane-sugar in presence of dilute acid. They remark 
that many physical properties which vary with the number of 
molecules in unit volume may be used. They commend the 
boiling-point determination because of its convenience. The 
writers use a Beckmann’s boiling-point apparatus, and employ 
succinic acid for conversion. In the known expression for re- 
actions involving one molecule, the original rise in boiling-point 
and the successive further increments replace respectively the 
quantities under the log sign. Thirteen observations are given, 
for which the value of the logarithmic expression, when the sub- 
stitutions indicated are made, remains very approximately constant 
within extreme variations of under 4 per cent. AMG 


103. Dissociation of Water. W. Nernst. (Zschr. phys. 
Chem. 14. pp. 155-156, 1894.)—Correcting Ostwald’s value for the 
dissociation for the difference in potential between the acid and 
base used, the author gets 0°8 x 10-7. WC. DI WwW: 


104. Sedimentation and Absorption of Pigments. ©O.Lehmann. * 
(Zschr. phys. Chem. 14. pp. 157-160, 1894.)—The phenomena of 
precipitation of pigments held in suspension by the addition of 
salts and other substances are strikingly exhibited by Wolff's liquid 
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indian-ink. This is unaffected by substances like pyrocatechine, 
resorcine, or aniline dyes, but is at once precipitated by grains of 
sal ammoniac and citric acid, or pigments like malachite-green and 
Hofmann’s violet. Butyl and amyl alcohol have the same effect. 
Sedimentation may be restrained by adding gelatine, thus increasing 
the viscosity of the medium. Precipitation appears to be usually 
due to the deposition of the substance added upon the particles in 
suspension. E. BE. ¥. 


105. Corresponding Solutions. G.Tammann. (Zschr. phys. 
Chem. 14. pp. 163-173, 1894.)—The thermal expansion of a 
solvent is in general different from that of solutions of salts in 
it, but by a pressure Ak can be brought to the same value. The 
concentrations of solutions of the chlorides of potassium, sodium, 
lithium, barium, and ammonium at which the values of Ak are 
the same are determined. These agree well with Kremer’s and 
Bender’s corresponding volumes. Such solutions should show no 
change in volume on mixing. The corresponding solutions of the 
carbonates and sulphates of sodium and potassium possess the 
same molecular concentration, and are also isohydric, but this is 
not always the case. W. CDW, 


106. Stochiometry of the Velocities of the lous. G. Bredig. 
(Zschr. phys. Chem. 13. pp. 191-288, 1894.)—The author gives a 
general account of the determination of the migration of the ions, the 
electrical conductivity of solutions, the amount of dissociation, and 
the limiting value of the molecular conductivity. The independent 
ionic velocities can then be calculated by Kohlrausch’s theory. 
A long series of tables is given showing the molecular conduc- 
tivity of many substances (chiefly organic) in aqueous solution, 
both from the results of the work of other observers and from new 
determinations by the author, and the ionic velocities calculated 
from these data are then tabulated. The following general results 
are given. The velocity of elementary ions is a periodic function 
of their atomic weight, similar elements being found at correspond- 
ing points in the curve. The velocity of compound ions is a “ con- 
vergent additive” property, each addition of CH, to the chemical 
composition producing a smaller decrease in velocity. As an 
example the table for the velocities of the anions of the formic 
acid series may be here given :— 


Anion. a. da for CH,. 
Formic acid .. HCO, ete nie es 
Aceticn %, .—1,C.0: va ae 
Propionic, .. 31,C,0, baal =o 
Butyrie. =, ¢. H,0,0, 30°8 t 
Malet. 4, tl U,0, Seg 
Caproic ,, .. H,,C,0, oF Ae 
The influence of substitution is also considered. W.C. D. W. 
E 
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107. Dielectric Constants and Chemical Equilibrium. Wa. 
Nernst. (Zschr. phys. Chem. 13. pp. 531-536, 1894.)—The 
energy of an electrically charged system surrounded by a medium 


1 
of specific inductive capacity D is equal to 3D xeV. If we con- 


sider the ions as electrically charged bodies it follows that the 
forces between them are reduced the more, the higher the dielectric 
constant of the solvent, and there must exist a force of attraction 
between the ions and the solvent. The order of the dissociation 
of hydrogen chloride in benzene, ether, isobutylic alcohol, ethyl 
alcohol, and methyl alcohol is the same as the order of their 
dielectric constants. A simple method of determining the con- 
stants is indicated. [The same effect has been pointed out by 
Prof. J. J. Thomson (Phil. Mag. 1893) and applied to the question 
of the relative ionisation powers of solvents by W. CO. D. Whetham, 
who finds a quantitative agreement for solutions of calcium chloride 
in water, methyl and ethyl alcohols, if a correction is made for the 
relative viscosities (Phil. Mag. Oct. 1894).] Wz) DeWwe 


108. Diffusion of an Flectrolyte in Alcohol, W. Kawalki. 
(Wied. Ann. 52. pp. 166-190, 1894.)—The author bas determined 
the rate of diffusion of certain electrolytes in alcohol with 
the view of testing the consequences of the hypothesis of 
electrolytic dissociation. The electric conductivities of the solu- 
tions employed have already been determined by Vollmer. In 
this, the first instalment of his paper, the author discusses the 
various experimental methods, and adopts an apparatus which is 
practically identical with that used by Scheffer. Special precau- 
tions had to be taken on account of the hygroscopic nature of 
alcohol, and from the fact that the salts were but sparingly soluble 
in it. A modification of Stefan’s process was employed in correct- 
ing the observed values of the diffusion coetticient. Ja Week: 


109. Solutions. P.Duhem. (J. de Phys. 3. pp. 44-69, 1894.) 
—A general proof is given of the following theorem :—Every 
formula obtained by applying thermodynamical principles to a 
mixture or a solution, every other law being excluded, remains 
valid no matter what assumptions be made regarding the state of 
the substances which compose this mixture or solution. It follows, 
therefore, that by means of thermodynamical considerations alone 
no clue can be obtained as to whether dissolution has been accom- 
panied by any change, chemical or otherwise, in the condition of 
the dissolved substance. J. WLR. 

110. Rotatiity of Solutions. A. Aignan. (J. de Phys. 3. 
pp- 110-119, 1894.)—This paper contains a discussion of the 


validity of Biot’s law [wj=7~3, and of Landolt’s law [w]= 


A+Bq+Cq’ for the specific rotatory power. Experiments with 
terebenthene and essence of turpentine dissolved in various solvents 
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gave the following results:—in certain oils and petroleum 
[w ]=constant, in alcohol [w] increases with dilution, and in carbon 
disulphide [w] decreases with dilution. An indirect verification of 
the law [w]=constant is afforded by experiments on sucrate of 
potassium. A solution of this substance is supposed to contain, 
in addition to the salt, some of it dissociated into sugar and potash. 
The rotatory power of the solution will, therefore, be the sum of 
the rotatory power of the active sucrate of potassium and of the 
active sugar; and the actual value obtained will be determined by 
the quantity which is dissociated. On the hypothesis that the 
amount of dissociation is proportional to the amount of inactive 
solvent, the deviation of the observed values from a value calcu- 
lated on the supposition of no dissociation from the rotatory 
power of each constituent should be proportional to the amount of 
inactive solvent or to the dilution. ‘This is. stated to be the case 
with sucrate of potassium. Biot’s experiments on tartaric acid 
and Gernez’ on malic acid are discussed from the same point of 
view. 5.8. 


111. Thermal Effects in Electrolysis. A. Campetti. (Nuov. 
Cim. 34. pp. 64-74, 1894.)—The author describes experiments to 
determine the whole amount of heat developed in the voltameter 
during electrolysis and also, separately, that developed at each 
electrode. The amount of heat evolved at the anode is in every 
case different from that evolved at the kathode. From the 
total heat evolved (Q), the current (1), the E.M.F. between the 
terminals (¢), and the E.M.F. of polarisation, he calculates the heat 
due to secondary action by the formula 


Q.=Q-F1(e-p). 


For sulphuric acid the secondary heat varies from 20 to 60 per 
cent. of the Joule heat, but the results are somewhat discordant. 
Acetic acid gave better results. The secondary heat was zero, and 
hence the different amounts of heat developed at the two electrodes 
must be due to a Peltier effect. For HBr and bromides the author 
finds Q, zero. For chlorides and iodides it is always pose ; 


2: Rotativity and Dissociation of Electrolytes. G. Carrara. 
(Nuov. Cim. 34. pp. 51-54, 1894.)—The paper consists of 
an investigation of the statement of Nernst that salts con- 
taining an optically active ion should have equal rotatory powers 
when completely dissociated in solutions of equivalent strengths. 
The author finds that hydrobromide, nitrate, and propionate of 
nicotine have specific rotatory powers, WPI, WPS Enavel 12:18 
respectively in very dilute solutions. Schwebel had previously 
found for the hydrochloride, sulphate, and acetate 14:44, 14-5», 
and 13°81, which the author considers as equal to the results of 
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his own experiments within the limits of experimental error. 
Unpublished experiments by Zecchini on salts of conine give 
similar results. Hence the author concludes that, in spite of some 
difficulties which he discusses, the rotatory power of optically 
active acids and bases in solution probably depends on the electro- 
lytic dissociation. JW. @. 


113. Conductivity and Viscosity of Electrolytes. WV. Monti. 
(Nuoy. Cim. 34. pp. 75-80, 1894.)—The author determines the 
viscosity-coefficients of mixtures of glycerine and water, and com- 
pares them with the electrical conductivities of some salts of the 
alkalies in similar mixtures, but is unable to find any general 
relation connecting them. He uses his observations to test 
Miitzel’s formula (Wied. Ann. 43.) for the viscosity of salt solu- 
tions, and finds they do not support it. J. W.C. 


114. Lhermoelectricity of Electrolytes in the Solid State: In- 
fluence of a Molecular Transformation. S. Lussana. (Nuoy. 
Cim. 34. pp. 99-125, 1894.)—Sticks of solid electrolytes were 
prepared by fusing the salts in glass tubes. A stick of one salt 
was placed between two of the other salt, one of its ends being 
joined to its neighbour by pushing the glass tubes through holes 
in the side of a little cork vessel filled with mercury. The other 
end was joined to its neighbour inside another glass tube, which 
could be filled with mercury, and which passed through a beaker 
filled with oil. This formed the hot junction, its temperature 
being varied from 50° to 200°. It was found that the electro- 
lytes tested also obeyed Volta’s law in the solid state. KCIO,, 
ZnCl,, HgCl,, NaClO,, and (NH,)NO, were coupled with KNO, 
and then with NaNO,. The E.M.F.’s varied in the two cases 
by amounts corresponding to the E.M.F. between KNO, and 
NaNO,. They all present the phenomenon of inversion. An 
anomaly appears in the curves where the salt undergoes a 
molecular transformation. If two portions of the same salt are 
taken, the electricity flows from the form stable at the higher tem- 
perature to that of the lower temperature across their junction. 
The E.M.F. thus developed between hexagonal and rhombic KNO, 
is 0°055 volt. E. E. F. 
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